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APPENDIX E. HYPOTHETICAL CASE STUDIES

I . INTRODUCTION

The two hypothetical case studies described in this Appendix i l lustrate the  
basic components of an RIA and present a format for displaying the major
categor ies  o f  benef i ts ,  cos ts , and economic impacts that typical ly result
from major environmental regulat ion analyses. The case studies use
hypothet ica l  data; hence, the numbers presented do not necessari ly indicate
the magnitude of benefi ts,  costs,
pa r t i cu la r  r egu la to ry  ac t i on .

o r  i m p a c t s  l i k e l y  r e s u l t i n g  f r o m  a n y  
I t  is  the analy t ica l  techniques and

presentat ion of data for RIA's that are the focus of this appendix. 

I t  i s  wo r th  no t i ng  t ha t ,  i n  deve lop ing  t he  case  s tud ies ,  a .  good  dea l  o f
expository material  has been included in the case studies themselves that
would not be necessary in an RIA. In some instances, this exposition adds
to the guidance contained in previous appendices, and in some instances, it
i s  ( for  convenience)  dup l ica t ive .

The major components of an RIA, as discussed in the preceding appendices,
are depicted in Figure 1. This f igure shows the three basic analyses that
must be prepared in support of an RIA: Benefi ts Analysis, Cost Analysis,
and Economic Impact Analysis.

The complexity of an RIA wil l  increase with the number of regulatory
alternatives being assessed. Alternatives involving only changes in
str ingency levels can be assessed more readi ly than regulatory alternatives
which d i f fe r  in  the i r  genera l  approach,  e .g . ,  e f f luent  gu ide l ines vs .
marketable pol lutant permits. In the two case studies presented, only a
single regulatory alternative is defined; however, a comprehensive RIA
would require similar summary results for each alternative (though the
level of detai l  in the analyses of the alternatives would not need to be as
ref ined, because i t  should in most cases be possible to identi fy the best
a l ternat ive reasonably  ear ly) .

To determine which regulatory alternative wi l l  be chosen, the results from
al l  three suppor t ing analyses would be ut i l i zed. The benefits and cost
analyses measure the eff ic iency of each alternative; the economic impact
analysis indicates the equity of each alternative by showing the extent to
which spec i f ic  reg ions,  popu la t ions, or  indust ry  groups wi l l  be a f fec ted
e i t he r  adve rse l y  o r  pos i t i ve l y . Both aspects of proposed regulatory
alternatives need to be considered because a certain alternative may have a
high level of eff ic iency and at the same t ime result  in unacceptable
adverse impacts on affected part ies. Implementat ion of such an alternative
may require mitigating measures.
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Figure 1. Components of a Regulatory Impact Analysis



I n  t h i s  A p p e n d i x , t w o  c a s e  s t u d i e s  a r e  p r e s e n t e d .
o f  a n  h y p o t h e t i c a l ,

T h e  f i r s t  c a s e  s t u d y  i s
p r o p o s e d  a i r  p o l l u t i o n  c o n t r o l  r e g u l a t i o n  i n  w h i c h  t h e

a m b i e n t  a i r  q u a l i t y  s t a n d a r d  i s  t o  b e  c h a n g e d  f o r  a  g i v e n  p o l l u t a n t . The
s e c o n d  c a s e  s t u d y  i s  o f  a n  h y p o t h e t i c a l ,  p r o p o s e d  w a t e r  e f f l u e n t  g u i d e l i n e
r e g u l a t i o n .

The  fo l l ow ing  e lements  o f  an  R IA  a re  summar ized  fo r  each  case  s tudy .

Net  Benef i t s  Eva lua t ion  and  Impac t  Summary
Background, i n c l u d i n g  C h a r a c t e r i s t i c s  o f  t h e  R e g u l a t e d  P a r t i e s
S o c i a l  B e n e f i t s
S o c i a l  C o s t s
Economic Impacts
N e t  B e n e f i t s  T i m e s t r e a m s  a n d  S e n s i t i v i t y  A n a l y s i s
C o s t - E f f e c t i v e n e s s
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I I . AIR POLLUTION CONTROL REGULATION CASE STUDY

T h i s  c a s e  s t u d y  i l l u s t r a t e s  t h e  m e t h o d  o f  c o n d u c t i n g  a n d  t h e  m e a n s  o f
r e p o r t i n g  o n  t h e  e c o n o m i c  a n a l y s i s  p o r t i o n  o f  a  R e g u l a t o r y  I m p a c t  A n a l y s i s
( R I A )  f o r  a  h y p o t h e t i c a l  s t a t i o n a r y  s o u r c e  a i r  p o l l u t i o n  c o n t r o l  r e g u l a t i o n
w h i c h  p r o p o s e s  t o  i n c r e a s e  t h e  s t r i n g e n c y  o f  a n  a m b i e n t  a i r  q u a l i t y
s t a n d a r d  f o r  a  s p e c i f i c , t h o u g h  u n s p e c i f i e d  p o l l u t a n t - - P o l l u t a n t  X .

T h e  c a s e  s t u d y  a s s u m e s  t h a t  a  d i s c u s s i o n  o f  t h e  n e e d  f o r  t h e  r e g u l a t o r y
a c t i o n  a n d  t h e  r e l e v a n t  s t a t u t o r y  a u t h o r i t y  h a v e  b e e n  p r e s e n t e d  e l s e w h e r e
( a n  a b b r e v i a t e d  " B a c k g r o u n d "  s e c t i o n  i s  c o n t a i n e d  i n  I I .  B .  b e l o w ) .
M o r e o v e r ,  b o t h  t h e  f o r m a t  a n d  t h e  d e p t h  o f  a n a l y s i s  o f  t h e  v a r i o u s  e l e m e n t s
o f  t h e  R I A  a r e  o n l y  i n t e n d e d  t o  b e  i l l u s t r a t i v e : T h e  A g e n c y  i s  n o t  a t  t h i s
p o i n t  c o m m i t t e d  t o  a n y  s p e c i f i c  f o r m a t , a n d  t h e  d e p t h  o f  a n a l y s i s  m u s t
c l e a r l y  b e  t a i l o r e d  t o  t h e  p r o b l e m  a t  h a n d .

A l t h o u g h  b a s e d  o n  d a t a  e s t a b l i s h e d  i n  r e l e v a n t  l i t e r a t u r e  a n d  p r e v i o u s
b e n e f i t - c o s t  s t u d i e s  a n d  r e g u l a t o r y  i m p a c t  a n a l y s e s ,  t h e  i n f o r m a t i o n
p r e s e n t e d  s h o u l d  n o t  b e  v i e w e d  a s  r e f l e c t i v e  o f  a  k n o w n  p o l l u t a n t  o r  o f  a
p r o p o s e d  r e g u l a t i o n ; r a t h e r ,  a l l  d a t a  a r e  b u t  i l l u s t r a t i v e . To  reduce  the
c o m p l e x i t y  o f  t h i s  f i r s t  h y p o t h e t i c a l  c a s e  s t u d y ,  P o l l u t a n t  X  i s  a s s u m e d  t o
b e  r e g i o n a l l y  s p e c i f i c ; h o w e v e r ,  t o  i l l u s t r a t e  t h e  a g g r e g a t i o n  p r o b l e m s
o f t e n  e n c o u n t e r e d  i n  d e t e r m i n i n g  n a t i o n a l  l e v e l  b e n e f i t s  a n d  c o s t s ,  t h a t
r e g i o n  i s  d i v i d e d  i n t o  t h r e e  a r e a s . " A d d i n g  u p "  t h e  b e n e f i t s  a n d  c o s t s  o f
t h e s e  t h r e e  a r e a s  t o  a r r i v e  a t  r e g i o n a l  t o t a l s  i s  a n a l o g o u s  t o  a d d i n g  u p
r e g i o n a l - l e v e l  b e n e f i t s  a n d  c o s t s  t o  e s t i m a t e  n a t i o n a l  t o t a l s . These areas
r e f l e c t  t h e  r e g i o n a l l y  d i f f e r i n g  m a j o r  c o n c e r n s  g e r m a n e  t o  p r e p a r i n g  a n  R I A
( e . g . ,  p o l l u t a n t  l e v e l s ,  p o p u l a t i o n , a n d  i n d u s t r y  c h a r a c t e r i z a t i o n s ) .

T h i s  c a s e  s t u d y  i s  o r g a n i z e d  i n t o  s e v e n  m a j o r  s e c t i o n s .  T h e  f i r s t ,  t h e  N e t
Benef i t s  Eva lua t ion  and  Impac t  Summary , s u m m a r i z e s  t h e  f i n d i n g s  o f  t h i s
c a s e  s t u d y  a n d  o u t l i n e s  t h e  t y p e s  o f  a n a l y s e s  n e c e s s a r y  t o  c o m p l e t e  a n  R I A .
The second sec t ion , B a c k g r o u n d ,  o u t l i n e s  t h a t  i n f o r m a t i o n  p e r t i n e n t  t o  t h e
r e g i o n  e x a m i n e d  i n  t h i s  c a s e  s t u d y . T h e  r e m a i n i n g  f i v e  s e c t i o n s - - S o c i a l
B e n e f i t s ,  S o c i a l  C o s t s ,  E c o n o m i c  I m p a c t s ,  N e t  B e n e f i t s  T i m e s t r e a m s  a n d
S e n s i t i v i t y  A n a l y s i s , a n d  C o s t - E f f e c t i v e n e s s - - p r e s e n t  t h e  a n a l y s e s  u s e d  i n
t h i s  c a s e  s t u d y  a n d  i l l u s t r a t e  t h e  t y p e s  o f  p r o c e d u r e s  w h i c h  m a y  b e
necessary  to  comple t ing  an  RIA.

A. Net  Benef i t s  Eva lua t ion  and  Impac t  Summary

T a b l e s  1  t h r o u g h  6  s u m m a r i z e  t h e  i n f o r m a t i o n  r e q u i r e d  f o r  a n  R I A  E x e c u t i v e
Summary. T h o u g h  r e s u l t s  a r e  p r o v i d e d  f o r  o n l y  o n e  o f  t h e  r e g u l a t o r y
a l t e r n a t i v e s , such  deve lopment  wou ld  be  needed  fo r  each  a l te rna t i ve
e x a m i n e d  t h a t  i s  i n  t h e  l e a s t - c o s t  s e t  o f  a l t e r n a t i v e s  a s  d e t e r m i n e d  f r o m
a p p r o p r i a t e  c o s t - e f f e c t i v e n e s s ‘ a n a l y s i s  ( s e e  S e c t i o n  G ) .  F o r  t h e
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alternative shown, Tables 1-6 present information for each of the three
major analyses--benefi ts, costs, and economic impacts--and show the
a l ternat ive 's  quant i ta t ive  and nonquant i ta t ive  e f fec ts . Monetized impacts
cover a twenty-year planning period (beginning in 1982) and al l  values are
expressed in 1982 dol lars.

Table 1, Part A, shows the present values for the quanti f ied net social
benef i ts  o f  the proposed Pol lu tant  X a i r  po l lu t ion cont ro l  regu la t ion us ing
a l ternate  d iscount  ra tes . For example, the present value of the total
social benefi ts minus the total social costs over the 20-year period of
analysis is $84 mil l ion at the 10 percent discount rate. For lower
discount rates, e-.g.,  6 and 8 percent, the present values of the net social
benef i ts  are  h igher , and for higher discount rates, e.g.,  12 percent, the
present values are lower. (The present value of the net social benefi ts
would be zero at a discount rate of approximately 30 percent for this case
study. )  Sens i t iv i ty  ana lys is  resu l ts  f rom vary ing benef i ts  and cost  va lues
are shown in Section F.

Table 1, Part B, summarizes the unquantified benefits and costs associated
with the proposed regulat ion. I t  a p p e a r s  t h a t  t h e  u n q u a n t i f i e d  b e n e f i t s
wil l  exceed the unquanti f ied costs based upon qual i tat ive judgments.
Furthermore, an est imated 1,269 premature deaths (a quanti f iable but
nonmonetizable impact) wi l l  be avoided with the regulat ion--a further major
benefi t  excluded from the present value calculat ions. Had costs exceeded
benef i ts  in  the present  va lue ca lcu la t ions, then the excess cost per death
avoided would be a measure that would be reported.

Annual, undiscounted benefits and costs are presented in Table 2 to show
benefi t  accrual and cost expenditures over the 20-year planning period.
Net social benefi ts ( the dif ferences between benefi ts and costs) were
calculated on an annual basis and, as shown, they are negative from 1983
through 1985. Beyond this period, n e t  s o c i a l  b e n e f i t s  a r e  p o s i t i v e  a n d  
increase to $33.7 mil l ion in the 20th year.

Table 3 summarizes the social benefits of the proposed regulation by
benef i t  type. The monetizable benefits are shown by year over the planning
per iod, inc lud ing ranges in  the benef i t  va lues to  re f lec t  uncer ta in t ies
regarding avai lable data and the implementable analyt ic procedures for
es t imat ing spec i f ic  types o f  benef i ts . The four major types of benefi ts
shown inc lude heal th ,  v is ib i l i ty ,  so i l ing,  and eco log ica l  benef i ts . The
so i l ing and v is ib i l i ty  benef i ts  are  the h ighest ,  w i th  the former  rang ing
from $7.2 mil l ion in the second year of the planning period to $26.8
m i l l i o n  i n  t h e  l a s t . The latter ranges from $7.2 mil l ion in the second
year  to  $37.6 mi l l ion in  the las t . Ecological and health benefits are much
lower, reaching highs of $3.7 and $15.4 mil l ion, respectively, in the
twent ie th  year .

Table 3 also presents the major quanti f iable/non-monetizable health
benef i ts  (Par t  B)  and a l is t ing o f  nonquant i f iab le  benef i ts  (Par t  C) .
These latter benefi ts are part icularly important when the present value of
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Table 1. Net social benefi ts from the proposed Pollutant X air pol lut ion,
cont ro l  regu la t ion us ing a l ternate  d iscount  ra tes

Part A. Quanti f ied Benefi ts and Costs

6%

Present Value 1/ Using
Alternate Discount Rates

8% 10% 12%

- - - - - - - - - - - - - - - - - m i l l i o n s  o f  d o l l a r s - - - - - - - - - - - - -

Social Benefi ts 644.8 532.2 444.7 375.9

S o c i a l  C o s t s  499.3 421.9 361.0 312.5

Net Social Benefi ts 2 / 145.5 110.3 83.7 63.4

Part B. Unquantified Benefits and Costs

The unquanti f ied benefi ts include:

reduced pain and suffering
reduced threat of i l lness and death,
increased safety for air and surface transport,  and
reduced maintenance and replacement costs for ornamental plants
and s t ruc tures  (e .g . ,  s ta tues)

When compared to minimal adjustment costs (which were the only unquantified
cos t s  f o r  t h i s  r egu la to r y  a l t e rna t i ve ) , these benefi ts l ikely exceed costs
for unquanti f ied benefi ts and costs as wel l .

1 / Present values of costs and benefits over a 20-year planning period in
1982 constant dol lars.

2 / In addit ion to the net benefi ts shown in this table, 1,269 premature
deaths were avoided during the planning period. (According to EPA
guidance, these should be compared to costs which are in excess of
do l la r  benef i ts ;  however ,  th is  regu la t ion 's  costs  do not  exceed i ts
do l l a r  bene f i t s . Thus, the cost per l i fe saved is zero and the
benefi ts from deaths avoided are in addit ion to the quanti f ied

 b e n e f i t s ) .  
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Table 2. Undiscounted to ta l  soc ia l  benef i ts ,  to ta l  soc ia l  costs  and net  soc ia l  benef i ts  fo r
the proposed Pollutant X air pol lut ion control regulation by year

Year
Tota l  soc ia l  benef i ts  1 / Tota l  soc ia l  cos ts  2 /

Estimate Range Estimate Range
Net  soc ia l  benef i ts  3 /

E s t i m a t e Range

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - m i l l i o n s  o f  d o l l a r s - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

0
(21.2)  4/     
(17.3)
(10.5)
17 .6

1 1982 0 0
2 1983 19.6 14.3-24.3 40.8 36.7-44.8 (22.4)-(20.46)
3 1984 37.5 27.7-46.0 54.8 49.4-60.2 (21.7) - (14.2)
4 1985 57.2 42.8-71.1 67.7 60.9-74.4
5 1986 59.3 44.2-73.8 41.7 37.5-45.9

(18.1) - (3 .3)
6.7-27.9 .

.

10 1991 66.3 4 9 . 3 - 8 2 . 7 4 3 . 6 39.2-47.8 22.7
.
.
.

10.1-34.9

15 1996 74.6 55.5-93.3 48.7 43.8-53.3 25.9 11.7-40.0
.

21 2001 83.6 61.3-104.6 51.1 46.0-56.0 32.5 15.3-48.6

1/  In  1982 constant  do l lars  (us ing a  forecast  o f  the GNP Impl ic i t  Pr ice Def la tor ) .

2 /  In  1982 constant  do l lars .

3 /  Tota l  soc ia l  benef i ts  minus to ta l  soc ia l  cos ts .

4/ Numbers in parenthesis are negative.
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Table 3. Summary of total social benefits for the proposed Pollutant X air pollution control regulation by year

Part A. Quantifiable/Monetizable Benefits 1/

Part B. Quantifiable/Non-monetizable Benefits

During the twenty-year planning period, an estimated 1,269 deaths will be avoided due to the proposed regulatory alternative. On a yearly basis, the
total number of deaths avoided ranged from 17 to 90 (excluding the first year when no lives were saved). Since benefits exceed costs, the cost per
life saved is zero, and there is no need to attempt valuation of life saved in this instance.

Part C. Non-quantifiable benefits 

1. Reduced pain and suffering from illness and death
2. Reduced threat of illness and death

4.
Decreased risk from air and surface travel
Decreased maintenance and replacement costs for ornamental plants and structures (i.e., statues)

1/ In 1982 constant dollars (using the GNP Implicit Price Deflator) to allow direct comparison with costs. Additionally, the beginning of
the examined planning period is 1982 and present values were calculated for that year.

2/ The sum of the individual costs may not equal the total costs due to rounding errors.



net  soc ia l  benef i ts  is  re la t ive ly  smal l  or  negat ive. The quant i f iab le /
nonmonetizable benefits include the avoidance of 1,269 deaths which on an
annual basis ranged from 17 to 90. Non-quant i f iab le  benef i ts  inc lude
reduced pain and suffering, reduced threat of i l lness and death, increased
travel safety, and decreased maintenance and replacement costs for
ornamenta l  p lants  and s t ruc tures (e .g . ,  s ta tues,  bu i ld ings) .

Table 4 summarizes total social costs by type of cost,  including private
sector real resource costs, deadweight welfare loss, government regulatory
costs ,  and ad jus tment  costs  (n i l  in  th is  case s tudy) .  Pr iva te  sector  rea l
resource costs are the highest and range from a low (excluding the f i rst
year when costs are zero) of $40.3 million in the second year to a high of
$50.8 mil l ion in the 20th year. Government costs are next highest with a
high of $0.7 mil l ion in the fourth year and a low (excluding year one) of
$0.1 mi l l ion in  the 20th year . Deadweight welfare costs remain at
approximately $1 mil l ion per year. Adjustment costs are minimal and were,
thus,  le f t  unquant i f ied  for  th is  case s tudy.

The preceding benef i ts  and costs  re f lec t  the major  e f f ic iency- re la ted
impacts of the proposed regulat ion. Equity-related impacts are also of
concern in an RIA. Table 5 summarizes the major economic impacts that are
pro jec ted to  resu l t  f rom the regu la t ion wi th  the impl ic i t  focus on equ i ty
issues. S ix  categor ies  o f  e f fec ts  inc luded in  the tab le  are  the fo l lowing:
f inanc ia l ,  p r ice ,  product ion,  employment ,  communi ty ,  and o ther  e f fec ts .  In
some cases, the economic impacts associated with a proposed regulation may
resu l t  in  modi fy ing implementat ion s t ra teg ies or  deve lop ing t rans i t iona l
programs to compensate for major inequities caused by regulations.

The table shows that Industry A has the highest potential  reduction in i ts
p lants ' returns on sales at 2.7 percent and Industry C has the lowest at
0.4 percent. Ref lec t ing th is  reduct ion in  sa les  re turn ,  pr ice  increases
needed to  mainta in  prof i tab i l i ty  are the h ighest  for  Indust ry  A at  3 .8
percent, 3.2 percent, and 3.0 percent for small, medium and large plants,
respect ive ly . Industry C requires only an 0.8 percent price increase to
m a i n t a i n  p r o f i t a b i l i t y . Projected production decreases are also the
highest for Industry A (1.16 percent) and the lowest for Industry C (0
percent). Though no plant closures are foreseen, Industry A's production
decrease wil l  l ikely result  in some short-term unemployment; however, this
should have minimal community effects because of long-term industry growth.

Table 6 summarizes this study's cost-effect iveness (C/E) analysis results,
which are presented in the concluding section of this case study report.
Once a  leve l  o f  cont ro l  is  spec i f ied , C/E analysis is an analyt ical
technique for comparing regulatory alternatives. I ts  use in  the ear ly
stages of an RIA wil l  aid in reducing the number of alternatives which wil l
requ i re  fur ther  ana lys is  in  a  benef i t -cost  f ramework. As shown in Part A,
s i x  r egu la to ry  a l t e rna t i ves , A to F, are depicted with their corresponding
annualized costs and emissions abated (tons of Pol lutant X abated). Based
on C/E analys is  on ly ,  A l ternat ive D is  c lear ly  preferab le  to  A l ternat ives
A, B and C because D is the least costly and most effective alternative.
Alternatives E and F are also least-cost al ternatives, but with lower and
higher abatement, respectively, as depicted in Table 6, Part B.
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Table 4. Summary of undiscounted total social costs for the proposed Pollutant X air regulat ion
(1982 dol lars)

Year

Part A. Quanti f iable/Monetizable Benefi ts

P r i v a t e  s e c t o r  
real resource Deadweight welfare Government Total  costs 1/

Estimate Range Estimate Range Estimate Range Estimate Range 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - m i l l i o n s  o f  d o l l a r s - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

01 1982
40.3

0 0 0 0
2 1983
3 1984 54.2

36.3-44.3 0.1 < . 1 2 / 0 . 4
48.8-55.5 <.1 0.6

< . 1 40.8 36.7-44.8
0.5-0 .6
0.6-0.8

54.8 49.4-60.2
4 1985 66.9 60.2-73.4 0.1-0 .2 67.7 60.9-74.4
5 1986 41.0 36.9-45.0 0.1-0 .2 0.5-0 .6 41.7 37.5-45.9
.
.

10 1991 43.1 38.8-47.3 0.1 0.1-0 .2 0.3 0.3-0 .4 43.6 39.2-4
.

7.8

15 1996 48.3 43.5-52.9 0.1 0.1-0 .2 0.2 <.1 48.7 43.8-53.3

.

20 2001 50.8 45.7-55.6 0.1 0.1-0 .2 0.1 0.1-0 .2 51.1 46.0-56.0

Part B. Non-quanti f iable Costs

1. Minimal level of unemployed resources, re-employed in long-run 
2. Displacement costs over the period of temporary unemployment are negligible
3. Administrative costs for transfer payment program over the periods of unemployment are minimal.

1/ The sum of the individual costs may not equal the total costs due to rounding errors.
2 /  Range is  less than .1 above or below the estimate.



Table 5. Summary of economic impacts from the propose pollution contrlos in industries A, B, and C  

A. F inanc ia l  E f fec ts
Industry A:

Average 2.7 percent reduct ion in  return on sales for f irms before marker adjustments.
Al 1 f i rms remain v iable wi th posi t ive NPV's in  20th year .

Indust ry  B:

Smal l  p lants are marginal ly  v iable wi th pol lut ion contro ls  before market  adjustments that  increase
pr ices by 0.9 percent .

Industry C:
A 0.4 percent reduction in return on sales for f irms using either Process 1 or Process 2.

Annual  cash f low and net  present  value ef fects of  pol lut ion contro ls  are re lat ive ly minor over the
20-year per iod of  analys is.

B. P r i c e  E f f e c t s
Indust ry  A:

Required pr ice increases to mainta in prof i tab i l i ty  are 3.8 percent , 3.2 percent, and 3.0 percent
for  smal l ,  medium and large p lants,  respect ive ly
An industry- level  pr ice increase of  3.3 percent  is  pro jected fo l lowing market  equi l ibr ium
adjustments.
A sensi t iv i ty  analys is  of  po l lu t ion contro l  costs  shows that  Industry  A 's  model  p lants  are af fected
measurably by re lat ively smal l  changes (~10 percent)  in  the est imated pol lu t ion contro l  investment

and annual  operat ing costs.

Indust ry  B:
Requi red pr ice increases of  2 .5 percent , 1.8 percent ,  and 1.7 percent  are est imated for  the smal l ,
medium and large model plants.
Because of both supply and demand elasticity effects, the expected market  pr ice adjustment af ter
pol lu t ion contro ls  is  a 0.9 percent  increase (and a product ion ef fect  as summar ized below).

Industry C:
Pr ice increases of  only  0.8 percent  are requi red by e i ther  type of  model  p lant- -Process 1 or
Process 2.

Wi th  a  per fect ly  ine last ic  demand assumed for  Indust ry  C, the pro jected pr ice increase af ter  market
adjustments is  a lso 0.8 percent .

c . P r o d u c t i o n  E f f e c t s
i n d u s t r y  A :  

A 1.6 percent  reduct ion in  industry  output  ( re lat ive to  basel ine product ion)  is  forecast  wi th
po l l u t i on  con t r o l s .

Reduced levels of  product ion are forecast  throughout  the 20-year per iod of  analys is .

Industry B:
A 0.9 percent  reduct ion in  output  is  expected from the basel ine levels wi th pol lu t ion contro ls .
Both supply  and demand re lat ionships contr ibute to  th is  industry- level  e f fect .

industry C:
No reduct ion in the product ion level , re lat ive to the basel ine level ,  is  projected because a
per fect ly  ine last ic  demand funct ion is  considered appl icable to  th is  indust ry .

3. Employment Effects
No p lant  c losures are forecast  and,  thus, no employment losses are expected.
The most  s ign i f icant  reduct ion in  output  f rom the basel ine is  1 .6  percent  in  Indust ry  A.  Th is
reduct ion is  not  expected to resul t  in  shor t - term employment  lay-of fs  s ince a 1 percent  growth in
demand per year was also projected.
Positive employment effects are expected for two reasons: (1)  shor t - term construction employment
t o  i n s t a l l  p o l l u t i o n  c o n t r o l s  - - to ta l l ing 486 work years for  Industr ies A,  B and C;  and (2)
long-term industry employment to operate and mainta in the pol lu t ion contro ls  - -  150 in Industry A,
125 in Industry B, and 32 in Industry C.
No s ign i f icant  secondary employment  ef fects  ( in  raw mater ia l  suppl ing indust r ies or  in  subst i tu te
p r o d u c t  i n d u s t r i e s  a r e  f o r e c a s t . Also,  the pol lu t ion contro l  equipment  industry is  expected to
supply the required equipment from existing sources under normal operating conditions.

E. Community Effects
Negligible community effects are expected because neither plant closures nor major production
e f f e c t s  a r e  f o r e c a s t .

 F. Other  E f fec ts
I n te rna t i ona l  t r ade  e f f ec t s  w i l l  be  m ino r .

Energy consequences of  the regulat ion are expected to be negl ig ib le.
No product iv i ty  ef fects  wi l l  occur  because the pol lu t ion contro ls  wi l l  not  a l ter  product ion
processes.
Intergenerat ional  ef fects are ref lected v ia damage reduct ions in the benef i ts  analys is .  No other
types of  in tergenerat ional  ef fects are expected.
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Table 6. Summary of Cost-effectiveness Analysis Results
for the Proposed Regulatory Alternative Versus

Other Alternatives, All Industries

Part A. Cost-effectiveness Values (Aggregate)

Regulatory
alternative

Baseline
A
B
C
D
E
F

cost 1/

($million)
20.0
71.3
86.0
86.0
71.3
41.0

134.0

Emissions C/E
Abated 2/ value 3/ Comment 4/

(1,000 tons) ($/ton)

154.9 129
165.0 432 Inferior to D and E
175.0 491 Inferior to D
183.2  562 Inferior to D 
183.2 389 In least-cost C/E set
172.5 238 In least-cost C/E set
190.0 ,705 In least-cost C/E set

Part B. Graphic Display of C/E Analysis

1/ Annualized total cost of abatement (pollutant removal) for each specified regulatory alternative.

2/ Total tons of pollutant removed for each specified regulatory alternative.

3/ Cost divided by emissions. Note that other C/E measures should also be defined (such as the incremental
cost above baseline and the incremental emissions above baseline) which will more closely represent the
(theoretically preferred) marginal cost effectiveness for each alternative.

4/ An inferior alternative is neither less costly nor more effective than the indicated (or dominant)
alternative(s).
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Benefi t-cost analyses are required for each of these alternatives to
determine which leve l  o f  e f fec t iveness wi l l  p rov ide the greatest ,net  soc ia l
bene f i t . Such a comparison (using hypothetical results) is shown in
Section G.

The remainder  o f  th is  repor t  re f lec ts  a  benef i t -cost  ana lys is  o f  a  s ing le
regu la to ry  a l t e rna t i ve : A l ternat ive D,  as  def ined in  Table  6 .  S imi lar
benef i t -cost  ana lyses are  app l icab le  for  a l l  cost -e f fec t ive  a l ternat ives
that  form the so-ca l led least  cost  enve lope curve as i l lus t ra ted in
Table 6, Part B. However, for i l lustrat ive purposes, i t  was only deemed
necessary to summarize the benefi t-cost analysis for one (the preferred)
regu la to ry  a l t e rna t i ve .

B. Background

For this case study, i t  is assumed that recent scient i f ic evidence
indicates that current ambient standards for Pollutant X are not low enough     
to protect the health and welfare of populations exposed to this pollutant,  
thus necess i ta t ing fur ther  regu la t ion o f  Po l lu tant  X.  Due to  the
uncer ta in t ies  cur rent ly  sur rounding the e f fec ts  o f  long-range t ranspor t  o f
a i r  p o l l u t a n t s , th is  issue is  not  addressed in  th is  case s tudy.
Addit ionally, i t  is assumed that any health r isk analysis has already been
completed.

Table 7 l ists the major characterist ics of the hypothetical
in this case study. The Table's data are grouped into the
geographical areas-- urban, suburban and rural.  The major
presented include Pollutant X levels and populat ion growth
s t r uc tu re . (Industry composit ion, current size, and growth
discussed in Section E below.)

1 region examined
three
character is t ics
rate and
rate are

Wi th  ex is t ing regu la t ions in  p lace, the Pol lu tant  X concent ra t ion leve l  is
assumed to be highest in the urban area (with an annual arithmetic mean of
100 ug/m3),  followed by the suburban and rural areas (at 85 ug/m3  and 75
w/m3 y' r espec t i ve l y ) . These levels are expected to increase during the
study period's twenty years (1982-2002) due to industry and population
growth.

The 1982 population levels were set at 600,000, 400,000 and 50,000 for the
urban, suburban and rural areas, respectively. Each is assumed to change
at a f ixed rate (Table 7) during the study period with both the urban and
suburban areas increasing and the rural area decreasing sl ightly.
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Table 7. Characteristics of the Regulated Hypothetical Region

Character is t ics Urban

Pollutant X:
Annual ari thmetic
mean (ug/m3) 100

A f f ec ted
Suburban Rural

400 ,000 50,000

1.2% - . 5 %
.9% . 9 %

85               75                    

10% <1%
(approx -+%/yr)   

Percent change 20%
during study period (approx 1%/yr)

Populat ion:
Number in f irst year 600,000

Net annual rate of change
M o r t a l i t y  r a t e

+ 1 %  
.9%

Age Dis t r ibut ion
0-13 years
13-65 years
>65 years

.20

.50

.30

.25 . 2 5

.60 .50

. 1 5 .25



C. Soc ia l  Benef i ts

Before discussing the analyt ic procedures proper for this case study, some
comment is necessary to indicate those concerns which an analyst must
address pr ior  to  ins t i tu t ing the analy t ic  procedures,  per  se. Such
concerns are s ign i f icant  s ince they wi l l  gu ide data  co l lec t ion and
estimation and wil l  help determine the accuracy of the results. These
concerns include (1) determining what expected and immediate effects will
result  from a decrease in pol lutant concentrat ions, (2) deciding on methods
to quanti fy and value these effects to the extent possible, (3) determining
the s tudy "un i t " and its subsets, and (4) deciding upon what would
consti tute a suff iciency of data to support a responsible benefi t  analysis-.

In  the f i rs t  ins tance- -determin ing what  impacts  wi l l  resu l t  f rom a
pollut ion decrease --such ef fec ts  for  a i r  po l lu t ion may be d iv ided in to  four
major groupings: h e a l t h ,  v i s i b i l i t y ,  m a t e r i a l  d a m a g e  a n d  s o i l i n g ,  a n d
eco log ica l  e f fec ts .
( no t  a l l ,  o f  cou rse ,

As is shown in Table 8, these may be further divided
are applicable in each case). At times, study funds

and other available staff-resources may be limited, and an analyst may have
to l imit the study only to those categories which are most l ikely to
produce the most consequential effects.

The second step is to value (where possible) these effects. Alternat ive
valuation methods may be applicable and may include direct cost estimation,
examination of property values, hedonic wage studies, and wil l ingness-to-
pay surveys. However, in choosing the methods of valuation, care must be
taken that  the e f fec t  measured is  c lear ly  de l ineated because severa l  o f  the
methods measure more than one effect. For example, though the assessment
of changes in property values can be used to measure visibi l i ty effects, i t
wou ld  doubt less  re f lec t  the benef i ts  o f  o ther  e f fec ts .  as  wel l : - the
decreased r isk of i l lness due to air pol lut ion and the decrease in material
soi l ing and damage (Hershaft,  1978). Knowing specif ical ly what each
technique measures is of concern since quantifiable benefits must be
aggregated in the RIA, and if care is not taken, double counting can occur.

The th i rd  s tep is  to  determine the s tudy "un i t . "  Of ten the reg ion a f fec ted
by a proposed regulation will be made up of different subunits, and each of
these has i ts own set of characterist ics that inf luence the amount and
types of benefi ts result ing from the proposed regulat ion, since benefi ts
are inherent ly  receptor -spec i f ic . Thus, the analyst must often divide the
study region into subunits which wil l  al low a more accurate benefi t
es t imat ion. The exact nature of this subdivision is often determined by
the type of  data ava i lab le , the kinds of benefi t  est imation procedures
used, and the specif ic characterist ics of the study region. The analyst
must also recognize that the benefi t  est imates for each of these subunits
must eventual ly be aggregated to obtain total benefi ts for the region;
hence, the subunits must have comparable characteristics.
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Table 8. Types of effects resulting benefits from a reduction in air pollution

Major  Ef fect  Categor ies Types of Effects Resul t ing Benef i ts

I . Heal th a .  Reduced  mor ta l i t y 1.

2.

Increased length of  l i fe  and
reduced probabi l i ty  of  death
Reduced pain and suffering

b. Reduced morbidity 1. Reduced medical expenses
2. Reduced pain and suffering
3. Reduced work loss days
4. Increased product iv i ty  1 /

I I . ' V i s i b i l i t y

I I I . Material Damage and a .  Dec reased  so i l i ng
S o i l i n g  E f f e c t s b. Decreased material damage

1 .
2.

IV. Eco log ica l  Ef fec ts

a.  Reduced obstruct ion of  v iew
b. Increased days of clear

unpol lu ted sk ies

1.

2.

3.

4 .

5.

a. Decreased damage to
commercial crops

b . Decreased damage to
ornamentals

c. Decreased damage to
natural systems

1 .
2.
3.

4 .

Increased appreciation of home
and work place
Increased enjoyment of
recreat ional  exper ience
Increased sat is fact ion f rom
knowing the ai r  in  area is  c lean
Increased sat is fact ion f rom
knowing that  v iews wi l l  not  be
obscured in areas that  the
ind i v i dua l  may  no t  v i s i t ,  bu t
feels  area has enough in t r ins ic
value that  i t  should be
preserved.
I n c r e a s e d  s a f e t y  f o r  a i r  a n d
automobi le/ t ruck t ravel

Decreased cleaning costs
Decreased replacement costs

increased revenues
Decreased maintenance costs
Increased enjoyment of
recreat ion
Increased existence and preser-
va t i on  bene f i t s

1/  Measured as decreased work days of  decreased product iv i ty  assignable to employee lassi tude."
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The fourth step, then, is one that determines the study's data (primary or
secondary) col lect ion procedures. A  census  o f  a l l  s t udy  un i t s  i s  i dea l  
(aggregation, in that case, would be just a summation over al l  subunits);
however, often insuff ic ient t ime and resources prevent doing this. To help
assure a more accurate estimate of mean parameters in such instances, these
study un i ts  should  be so s t ra t i f ied that  they min imize s tudy un i t
differences within each grouping and maximize differences among groups.
Only a subset of the study units from each group are studied (selected
randomly) and benefit estimates obtained which represent an "average" study
unit for each grouping. These values are then multiplied by the number of
study units in each grouping and summed.

As was stated previously, the hypothetical region examined in the present
case study was subdivided into three study units--urban, suburban, and
rural areas--to ref lect the fact that the types and amounts of benefi ts
rea l ized in  each wi l l  be somewhat  d i f fe rent  (e .g . ,  hea l th  e f fec ts  wi l l  be
larger in the urban area than in the rural area). To reduce the complexity
of calculat ions, these areas were not subdivided in this case study;
however, in an actual RIA, such a procedure would be advisable (for
instance, a subdivision into counties is often desirable since many types
o f  d a t a  a r e  o f t e n  a v a i l a b l e  a t  t h i s  l e v e l ) .

For  the purpose of  i l lus t ra t ion, benefits from most of the categories shown
  in Table 8 wil l  be examined in this case study. Of ten suf f ic ient  data  wi l l

not be avai lable to address al l  categories or some categories wi l l  not be
app l i cab le  t o  a  pa r t i cu l a r  r egu la t i on ) .  I n  t he  f i r s t  f ou r  o f  t he  f i ve
fo l lowing sect ions o f  th is  i l lus t ra t ive  case s tudy,  these categor ies  are
presented by major benefi t  grouping. The f i f th  sect ion dea ls  w i th  the
aggregation of the benefi t  groupings.

1. Health Effects

This sect ion addresses the health benefi ts result ing from a reduction in
Pol lu tant  X. Only the most stringent regulatory option (an assumed 65
ug/m3 annual arithmetic mean; 175 ug/m3  24 hour expected value) will be
assessed. This section assumes that the link between Pollutant X and
respiratory disease is wel l  establ ished and that the pol lutant is known to
cause both illness and death.

a .  Q u a n t i f i a b l e  e f f e c t s

This  sect ion is  d iv ided in to  two subpar ts- -quant i f iab le  and nonquant i f iab le
heal th  benef i ts .

To assess the health benefi ts result ing from a decrease in Pol lutant X,
expected reductions in death, medical expenses, and lost work days will be
examined. To obtain this est imate the fol lowing data are necessary:

dose-response curves which relate levels of Pol lutant X to
the incidence of i l lness and death caused by the pol lutant,
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levels of Pol lutant X with and without the proposed regulatory
option for each area and each year 1/ of the study period,

populat ion levels for each study area for each year of the study
period with and without the regulatory option, and

an est imate o f  the fo l lowing- -

-

-

number and value of work loss days per illness and
average costs per i l lness.

Each of these data needs as well as the calculations used are discussed
below.

(1)  Dose-response curves.  For  dose-response curves,  the idea l  data  would  
ind icate  the ent i re  curve for  each i l lness wi th  which the s tud ied po l lu tant
is  assoc ia ted,  and,  for  each i l lness how th is  re la t ionsh ip  is  a f fec ted by
d i f f e ren t  popu la t i on  cha rac te r i s t i c s . 2 /  T h e  l a t t e r  d a t a  w o u l d  a l l o w  t h e  
analys t  to  more accurate ly  pred ic t  the e f fec t  on the popula t ion a t  r isk .
Additionally, such relationships should be' accompanied by confidence
in terva ls  which would  express the uncer ta in t ies  o f  the re la t ionsh ip  among
pollutant levels and number of i l lnesses or deaths.

Unfor tunate ly , since appropriate controlled experiments cannot be performed
on humans and because the extrapolation of test results from other animals
to humans is tenuous, the analyst often only knows a port ion (or fragments)
of the needed dose-response information. Epidemiology studies provide much
of what is known; however, not all confounding factors can be accounted for
in such studies. Addi t iona l ly ,  due to  the scarc i ty  o f  appropr ia te  s tud ies,
the results from one populat ion often must be extrapolated to another
population though each has dif ferent characterist ics and is exposed to
d i f f e r e n t  f a c t o r s . Thus, care must be taken in using such data. The
fol lowing cautions are advisable, for instance, when secondary data are
used:

1/  Other t ime intervals could be used; however, to simpli fy the case
study, year intervals were employed.

2 / For example, a populat ion wi th  most ly  sen ior  c i t izens wi l l  l i ke ly  be
much more sensitive to a given incremental pollutant than would one
with a large proport ion of persons between twenty and forty years.
Popula t ion character is t ics  o f  in terest  inc lude:  age d is t r ibut ion,
overal l  health, genetic makeup, personal habits and care (e.g.,  the
percent of those who take part in physical f i tness programs, of those
who smoke), etc.
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the study should try to account for confounding factors
( i . e . , other pol lutants, smoking habits, age, etc.) and
the pollutant levels examined should encompass the range
needed in the considered RIA.

For this case study, the dose-response curves are assumed
(Liu and Yu, 1976) and the range of results necessary for
assumed to  fa l l  in  the l inear  por t ion o f  that  curve. The
funct ions u t i l i zed wi l l  be d iscussed in  the "ca lcu la t ion"

to be S-shaped 3/
the analys is  are
spec i f i c
section below.

( 2 )  P o l l u t a n t  l e v e l s . Sophist icated models which ut i l ize such information
as wind and weather patterns, pollutant sources, and topography are
ava i l ab le  t o  p red i c t  po l l u t an t  l eve l s , and they can be used to obtain an
est imate  o f  fu ture  po l lu tant  leve ls . However, assumptions must be made for
populat ion and industr ial growth trends in the study area and should
re f lec t  past  t rends as wel l  as  fu ture  out looks. To pred ic t  po l lu t ion
leve ls  wi th  the regu la t ion, assumptions must be made concerning compliance
rate  and leve l .

To s impl i fy  the present  case s tudy,  the "wi thout  regu la t ion"  Pol lu tant  X
levels were assumed to increase l inearly in each of the study areas (for
amounts, see Table 1). For  the regula tory  a l ternat ive cons idered,  a  four-
year compliance lag t ime was assumed. During the f irst year, there would
be no reduct ion in  po l lu tant  leve l ; however, a linear decrease over time to
the spec i f ied leve l  in  the four th  year  was ut i l i zed.  Thereaf ter ,  the
concentration of Pollutant X was assumed to remain constant at the ambient
a i r  l eve l  spec i f i ed  by  t he  a l t e rna t i ve . (Note:  var ia t ions o f  th is  scenar io
can be examined in the sensit ivi ty analysis.)

( 3 )  P o p u l a t i o n  l e v e l . Dose-response equation results are often expressed
per  popula t ion un i t . Also; terms in an overal l  health benefi ts equation
a re  a  f unc t i on  o f  popu la t i on  l eve l  ( i nc l ud ing  mor ta l i t y ,  i t se l f  a  f unc t i on
o f  popu la t i on  l eve l ) . Thus, an est imate of the populat ion level is
necessary for each year of the planning period. Addi t iona l ly ,  i f  decreased
a i r  po l l u tan t  l eve l s  w i l l  s i gn i f i can t l y  a f f ec t  dea th ,  immig ra t i on  and
emigrat ion levels in a given geographical area, two sets of populat ion
estimates are needed for the planning period: one set expressing levels
wi th  the regu la t ion and the o ther  g iv ing leve ls  wi thout

For this case study, a constant percent growth rate per year is assumed for
each of the study areas (see Table 1). The effect of the proposed
regulatory option on death, immigration and emigration rates is assumed
neg l i g i b l e .

3 / As the po l lu tant  leve l  increases, m o r t a l i t y  o r  i l l n e s s  l e v e l  i n i t i a l l y
increases at an increasing rate and continues to increase unti l  the
inf lect ion point is reached; hereafter the rate of change begins to
decrease at a decreasing rate. The result ing shape is such that the
f i rs t  por t ion  o f  the curve is  concave, the middle portion approaches
l inear i ty  and the f ina l  par t  is  convex.
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(4) Value est imates of work loss days and i l lness costs. The most
re l iab le  source for  such data is  s tudy area surveys,  which would  inc lude
those persons known to  have had po l lu tant - re la ted i l lnesses.  Addi t iona l ly ,
hospital and other medical care records could be examined, and medical
costs est imated for hospital  expenses, cost per physician visi t ,  drug
cos ts , nursing home care costs, etc. However, conducting such studies is
often not feasible within the t ime frame and resource constraints that
e x i s t . Alternate sources of information would include Vital and Health
Stat is t ics ,  Sta t is t ica l  Abst rac ts ,  and Cooper  and Rice 's  s tudy ent i t led  the
"Economic Cost of I l lness Revisi ted" (1976). These wil l  be discussed in
more detai l  in the next sect ion.

( 5 )  C a l c u l a t i o n s . The general form of the equations used in this section
to determine such costs is the fol lowing:

Change in  i l lness
o r  d e a t h

The f irst expression is obtained from the appl icable dose-response curve 4/
and often is expressed in terms of populat ion units; the second is from the

   funct ions determining pol lutant level with and without the proposed
regu la t i on . The third expression t ies the f i rst two to the number of
persons in the study area, and this is often expressed in terms of the
number of populat ion units. At times this expression may be the regional
m o r t a l i t y  r a t e , but the exact form of this expression is determined by the
configurat ion of the information obtained in the dose response term. The
number of illnesses avoided is then valued using information on work loss
days and direct medical expenses (e.g., hospital,  physician and drug
costs ) . Although some studies have attempted to value the number of deaths
through a wil l ingness-to-pay survey, th is  is  a  cont rovers ia l  under tak ing
and should not be attempted in RIA's.

The equations 5/ used for the present case study are brief ly outl ined
below. Because air pol lut ion dose-response information is often avai lable
on ly  for  c lasses o f  i l lnesses ra ther  than a spec i f ic  condi t ion,  morb id i ty
and mor ta l i ty  e f fec ts  for  on ly  two genera l  c lasses o f  i l lness- -acute  and
chronic respiratory- diseases--are included.

(a )  Mor ta l i t y  equa t i ons --The equations ut i l ized to relate a decrease in
Pollutant X with reduction in deaths caused by acute and chronic
resp i ra tory  d iseases are as fo l lows:  6 /

4 / Depending upon the amount of information avai lable, this relat ionship
may be made a funct ion of the characterist ics of the populat ion at
r i s k .

5 / Most equations are patterned after MATHTECH (1981). These equations
do not necessarily need to appear in the text of an RIA.

6 / Note that toxic substances can be examined in this same fashion though
the dose-response function used would be different.
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Acute: Qij = .049 X A Polij X Mortij (1)

Chronic: P = .125 X A POT..  X Mart:.i j i J i J
(2)

where

Q =ij
reductions in deaths due to acute respiratory disease in
study region i  for  year  j

P =
ij

reduction in deaths due to chronic respiratory disease in
study region i  for  year  j

Ai’ol.. =
i j

the change in  Pol lu tant  X leve ls  in  reg ion i  for  year  j
(annual arithmetic mean in ug/m3)

Mortij,.= yea r l y  mor ta l i t y  (exp ressed  pe r  1 ,000  pe rsons )  i n  reg ion  i
dur ing year  j  7 /  

i = indicates study region and ranges from 1-3;

j = indicates year and ranges from 1-20.

The coefficients .049 and .125 express dose-response information and relate
change in pol lutant level to number of deaths. These were derived from
MATHTECH (1981) by assuming Pollutant X results in only half as many deaths
as par t icu la tes .

To obta in  the to ta l  reduct ion in  deaths for  the ent i re  reg ion for  the
planning per iod, results are summed over i and j. Estimates from the
calculations are shown in Table 9.

According to EPA guidance, deaths should be examined relative to excess
costs i f  monetizable benefi ts are less than costs; however, in this case
study benefits exceeded costs.

(b )  Morb id i t y  equa t i ons - -To  i l l u s t r a te  t he  sens i t i v i t y  o f  t he  dose -
response term to the populat ion at r isk, the fo l lowing equat ions for
morbidity take into account each subarea populat ion's age distr ibut ion and
assume that both younger and older individuals are more sensitive to
Pol lu tant  X.

The equations for calculat ing the number of i l lnesses avoided for acute and
chronic diseases are as fol lows:

A c u t e :  AMij  =  ( Clij x .003 + c2ij x .001 + c3ij x -002)

X A Pol..  X AD..
1J 1J

(3)

7 / This is a funct ion of populat ion size and is often calculated as a
percent  o f  popula t ion leve l .
constant  death  ra te  ( i .e . ,

The present case study assumed a
.9% of the populat ion per year).
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Table 9. Deaths avoided due to the proposed Pol lutant  X ai r  pol lut ion control  regulat ion by year 1 /

1 / The current  (and expected)  a i r  qual i ty  in  the region was used as the basel ine for  these calculat ions. Thus, the numbers shown represent the
number of deaths which would be avoided if pollutant levels were reduced from their present level to that specified by the proposed regulatory
a l te rna t i ve . For further information  on the baseline used, see Section C.1.(2).

2 / The ranges for the point estimates shown were not included to reduce the complexity of the table. These can be easily calculated for each value
since a constant percent variation around the point estimate was assumed for each area (i.e., 4O%, 30% and 20% for the urban, suburban and rural
a reas ,  r espec t i ve l y ) . On l y  t he  ranges  f o r  t he  g rand  t o ta l  va lues  a re  shown  co lumn  12 ) .  



C h r o n i c :  C M . .  =  (Clii X  *CO6 +  C
13

2ij x .004 + c

X A PO+: X CDij

3ij X .005)
( 4 )  

where:

AM. .
1J

= the number of acute i l lnesses avoided in region i  during
year  j

CM..
i J

= the number of chronic i l lnesses avoided in region i  during
year  j

C
gij

= the por t ion o f  the popula t ion in  reg ion i  which is  in  age
class g during year j; g = 1 implies 0-13 years; g = 2
implies 13-55 years; g = 3 implies greater than 55 years

Ah1 ij = the change in Pol lutant X levels (annual ari thmetic mean in
ug/m3)  in  reg ion i  for  year  j

ADij = annual number of acute respiratory disease incidences in
reg ion  i  f o r  yea r  j

CDij = annual number of chronic respiratory disease incidences in
region i  for  year  j

To reduce the complexity of the calculat ions, a stable age distr ibut ion was
assumed for the three study regions during the twenty year planning
period. 8/ The coeff icients in equations 3 and 4 express dose-response
information and were derived from MATHTECH (1981), again assuming Pollutant
X resu l ts  on ly  in  ha l f  as  much i l lness as par t icu la tes.

The results of equations 3 and 4 are valued using estimates of the direct
medical cost and the number of work loss days per case. The equations for
direct medical expenses are as follows:

Acute: = AMij X AME (5)

 C h r o n i c : CDM
ij

= CM. . X CME
iJ

(6)

where:

AM..
iJ

and CM..
iJ

are as defined above for equations 3 and 4

ADM.. =
iJ

Direct medical expenses saved due to reduction in acute
resp i ra to ry  i l l ness  ( i n  1980  do l l a r s )  f o r  r eg ion  i  i n  yea r  j

8 / In an actual study, past age distribution trends should be examined as
wel l  as  those fac tors  l i ke ly  to  in f luence these t rends in  the fu ture .
Based on this, a function expressing the growth of each age group over
time should be developed (provided enough data are available).
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CDMij = Direct medical expenses saved due to reduction in chronic
resp i ra to ry  i l l ness  ( i n  1980  do l l a r s )  f o r  r eg ion  i  i n  yea r  j

AME = Average national medical expenditure per acute respiratory
inc ident  ( in  1980 do l lars)

CME = Average national medical expenditures per chronic
resp i ra to ry  i l l ness  ( i n  1980  do l l a r s )

The equations to value work loss days are as follows:

A c u t e :  VAWLij  =  AM.. X AWLi X AWi
i j

Chron ic :  VCWLij = CM.. X CWLi X CWi
i j

(7)

(8)

where:

AM..
i j

and CM..
i j

are as defined in equations 3 and 4 above

VAWL..  =
i j

Value of reduction in work loss days due to acute
resp i ra tory  d isease inc idences avo ided for  reg ion i  in
year  j

VCWLij = Value of reduction in work loss days due to chronic
respiratory disease incidences avoided in region i  for year
j

AWLi = Average number of work days lost per acute respiratory
c o n d i t i o n  f o r  r e g i o n  i

CWLi = Average number of work days lost per chronic respiratory
condi t ion for  reg ion i

AWi = Average daily wage for persons with acute respiratory.
disease in region i  ( in  1981 do l lars)

cwi = Average daily wage for  persons wi th  chron ic  resp i ra tory
disease in region i  ( in  1981 do l lars)

Regional ly -spec i f ic  survey in format ion would a lso be ideal  for  der iv ing
and CW. In l ieu of this, wage information from county census reports can
be used; however, these do not take into account the value of labor
provided by housewives and the value of time loss by persons who are
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ins t i tu t iona l ized or  unable  to  work . Cooper and Rice (1976) calculated the
value of work loss days by i l lness type by taking into account the value of
persons not earning a wage. That information was employed in the above
ca l cu l a t i ons .

Table 10 shows the results of morbidity calculat ions.

b. Non-quant i f iab le  e f fec ts

In addit ion to the reduction in medical costs and work loss days, reduced
pol lu tant  leve ls  a lso resu l t  in  a  dec l ine in  the pa in  and suf fer ing
assoc ia ted wi th  a i r  po l lu t ion re la ted d iseases. Many i l lnesses,  especia l ly
the chronic ones, can be part icularly troublesome. For example, a survey
from Vital and Health Stat ist ics (Series 10; Number 84) indicates that
25%-50% of persons with chronic respiratory diseases are affected a "great
deal" by the condition and that more than 80% are affected "somewhat" to a
"g rea t  dea l . "

An  add i t i ona l  f ac to r  wh i ch  i s  d i f f i cu l t  t o  quan t i f y  i s  t he  anx ie t y  su f fe red
due to the threat of i l lness or death, and such effects are often imbedded
in  va lua t i ons  o f  v i s i b i l i t y  o r  aes the t i c  bene f i t s . Such benefi ts, whi le
not possible to separately break out and monetize, should be quali tat ively
addressed in an RIA and taken into account when benefits and costs are
compared.

2. V i s i b i l i t y  E f f e c t s

Two changes o f  v is ib i l i t y  e f fec ts - -aesthet ic  and safe ty- -are  consequent ia l .
The first results because individuals place value on unobscured views and
unpol lu ted sk ies. The second results because increased visibi l i ty may at
t imes decrease the r isks of air  and surface travel in pol luted areas
(Waddell, 1974 MATHTECH, 1981). Each  o f  t hese  v i s i b i l i t y  e f f ec t s  w i l l  be
discussed in separate sections below; however, primary emphasis is placed
on aesthet ic  e f fec ts .

Th is  sect ion o f  the repor t  d iscusses v is ib i l i t y  e f fec ts  in  the fo l lowing
order:

a. Aesthet ic.  ef fects.
Methodology of  va lu ing v is ib i l i ty  e f fec ts

Contingent market techniques
Actua l  market  survey technique

Case study methodology application
Resident ia l  area appl icat ion
Recreational area application
Existence-preservation area appl icat ion

b. Safe ty  e f fec ts
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Table 10. I l lnesses avoided due to the proposed Pol lutant  X ai r  pol lut ion contro l  regulat ion by year 1 /  2 /

1/ T h e  current  (and expected)  a i r  qual i ty  in  the region was used as the basel ine for  these calculat ions. Numbers shown represent the expense
avoided due to reduced i l lness levels. For further discussion of the baseline used, see Section C.1.(2).

2 / Expressed in 1980 dollars.

3 / The ranges for the point estimates shown for each of the areas were not included to reduce the complexity of the
calculated for each value since a constant percent variation around the point estimate was assumed for each  a rea
urban, suburban and rura l  areas,  respect ive ly) . Only the ranges for the grand total values are shown (co lumn 12

tab le . These can be easily
( i . e . , 40%, 30%, and 20% for the

) .



a. A e s t h e t i c  e f f e c t s

T h e r e  a r e  f o u r  p r i m a r y  c a t e g o r i e s  o f  a e s t h e t i c  b e n e f i t s - - r e s i d e n t i a l ,
r e c r e a t i o n a l  o p t i o n , a n d  e x i s t e n c e - p r e s e r v a t i o n  b e n e f i t s .  9 /  T h e  f i r s t
r e p r e s e n t s  t h o s e  b e n e f i t s  w h i c h  a r e  d e r i v e d  f r o m  u n o b s c u r e d  v i e w s  a n d  c l e a r
u n p o l l u t e d  s k i e s  i n  t h e  i m m e d i a t e  h o m e  a r e a ,  t h e  l o c a l  c o m m u n i t y ,  a n d  t h e
p l a c e  o f  w o r k  a n d  i n c l u d e  t h e  v i s u a l  q u a l i t y  b e n e f i t s  o f  r e c r e a t i o n
under taken  near  the  home o r  work  (e .g . ,
l o c a l  c i t y  p a r k ,  s k a t i n g ,  b i k i n g ,  e t c . ) .

j o g g i n g ,  w a l k i n g ,  p i c n i c k i n g  a t  a
R e c r e a t i o n a l  v i s i b i l i t y  b e n e f i t s

a r e  a s s o c i a t e d  w i t h  r e c r e a t i o n  a w a y  f r o m  o n e ' s  h o m e  c o m m u n i t y  ( e . g . ,
c a m p i n g ,  h i k i n g ,  v i s i t i n g  s t a t e  a n d  n a t u r a l  p a r k s  a n d  u n i q u e  n a t u r a l  a r e a s .
e t c . ) . o p t i o n  v a l u e  r e p r e s e n t s  t h e  b e n e f i t  a n  i n d i v i d u a l  r e c e i v e s  f r o m  
p r e s e r v i n g  t h e  o p t i o n  t o  u s e  a  s c a r c e  r e s o u r c e  i n  t h e  f u t u r e  w h e n  t h e r e  i s
s o m e  d o u b t  a s  t o  w h e t h e r  t h i s  r e s o u r c e  w i l l  b e  a v a i l a b l e  a t  t h a t  t i m e .
E x i s t e n c e - p r e s e r v a t i o n  b e n e f i t s  1 0 / ,  a r e  t h o s e  d e r i v e d  f r o m  j u s t  k n o w i n g
t h a t  t h e  v i s i b i l i t y  o f  a  p a r t i c u l a r  a r e a  i s  p r e s e r v e d ,  e v e n  t h o u g h  t h e
i n d i v i d u a l  d o e s  n o t  n e c e s s a r i l y  e x p e c t  t o  v i s i t  t h e  s i t e . This benefit
t y p e  i s  p a r t i c u l a r l y  o f  c o n c e r n  f o r  s u c h  u n i q u e , n a t u r a l  a r e a s  a s  t h e  G r a n d  
Canyon,  Ye l lows tone  Nat iona l  Park ,  and  Sequo ia  Nat iona l  Park .

T h e r e  a r e  t w o  t y p e s  o f  m e t h o d s  f o r  v a l u i n g  s u c h  b e n e f i t s .  1 1 /  T h e  f i r s t ,
c o n t i n g e n t  m a r k e t  t e c h n i q u e s , o b t a i n s  t h e  v a l u e  o f  v i s u a l  q u a l i t y  t h r o u g h
s u r v e y s  o f  h o w  r e s p o n d e n t s  t h i n k  t h e y  w o u l d  b e h a v e  i f  a  p r o p o s e d  v i s i b i l i t y
change  were  to  occur . S u c h  s t u d i e s  m u s t  b e  v e r y  c a r e f u l l y  d e s i g n e d  a n d
m o n i t o r e d  s i n c e  v a l u a t i o n s  w i l l  v a r y  w i t h  m i n o r  n u a n c e s  i n  t h i s  t e c h n i q u e s
a p p l i c a t i o n . 1 2 /  A d d i t i o n a l l y ,  v a r i o u s  t y p e s  o f  b i a s  c a n  a r i s e
( h y p o t h e t i c a l ,  s t r a t e g i c , i n f o r m a t i o n  a n d  c o n t i n g e n t  m a r k e t ) .  T h u s ,  i n
d e s i g n i n g  a n d  c o n d u c t i n g  c o n t i n g e n t  m a r k e t  t e c h n i q u e s ,  t h e  f o l l o w i n g  m u s t
b e  c a r r i e d  o u t :

9 / Th is  d iv is ion  was adopted  f rom MATHTECH (1981)  s ince  the  de f in i t ions
a r e  s e t  u p  s o  t h a t  t h e  b e n e f i t  g r o u p s  a r e  a d d i t i v e . T h i s  i s  a  m a j o r
c o n s i d e r a t i o n  b e c a u s e  a l l  b e n e f i t s  m u s t  b e  a g g r e g a t e d .

1 0 / .  S o m e t i m e s  b e q u e s t  b e n e f i t s  a r e  s e p a r a t e d  f r o m  e x i s t e n c e - p r e s e r v a t i o n
b e n e f i t s  ( W a l s h  e t  a l . ,- - 1 9 7 8 )  a n d  r e p r e s e n t  t h e  w i l l i n g n e s s  t o  p a y  t o

 a s s u r e  t h a t  f u t u r e  g e n e r a t i o n s  c a n  e n j o y  t h e s e  s c a r c e  r e s o u r c e s . T h i s
     d i s t i n c t i o n  w a s  n o t  m a d e  i n  t h i s  c a s e  s t u d y  b e c a u s e  w e  f e l t  t h a t  g i v e n

t h e  c o m p l e x i t y  o f  t h e  s u r v e y s  w h i c h  w i l l  b e  o u t l i n e d  i n  t h e  f o l l o w i n g
p a g e s ,  i t  w a s  u n r e a l i s t i c  t o  a s s u m e  t h a t  r e s p o n d e n t s  c o u l d  b i d
p r o p e r l y  o n  s o  m a n y  b e n e f i t  t y p e s  w i t h  d e f i n i t i o n s  o n l y  s l i g h t l y
d i f f e r e n t  f r o m  o n e  a n o t h e r . T h u s ,  i t  w a s  a s s u m e d  t h a t  t h i s  b e n e f i t
w a s  i n c l u d e d  i n  t h e  e x i s t e n c e - p r e s e r v a t i o n  b i d . T h i s  b e n e f i t  t y p e  i s
e x a m i n e d  i n  m o r e  d e t a i l  i n  t h e  w a t e r  r e g u l a t i o n  c a s e  s t u d y  t h a t
f o l l o w s .

1 1 /  See  Rowe and  Ches tnu t  (1981)  fo r  a  more  de ta i led  d iscuss ion  o f  these
t e c h n i q u e s .

1 2 /  T h e  " t r u e "  v a l u e  w h i c h  a  p e r s o n  p l a c e s  o n  a n  i n c r e m e n t a l  c h a n g e  i n
v i s i b i l i t y  i s  l i k e l y  m e a s u r e d  i n  e a c h  i n s t a n c e ;  t h e  c a u s e  o f  t h e
v a r i a t i o n  l i k e l y  r e s u l t s  f r o m  t h e  r e s p o n d e n t s '  p e r c e p t i o n s  o f  w h a t  i s
b e i n g  v a l u e d . T h u s ,  u n l e s s  c a r e  i s  t a k e n ,  w h a t  i s  a c t u a l l y  m e a s u r e d

      may not be what the survey was intended to examine.
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the contingent market and the air quality changes must seem
real is t ic  to  the respondent ,
the proposed air quality changes must be adequately communicated
to the respondent,
the circumstances surrounding the change in visibi l i ty must be
ca re fu l l y  de f i ned ,
the effect of income level must be accounted for, and
the contingent market in which the respondent is bidding must be
careful ly defined to the respondent.

Examples of contingent market techniques include bidding methods 13/,
variat ions on the travel cost method, household production function
approach, rank attr ibutes and voting approaches. 14/

The second method of  va lu ing v is ib i l i ty  benef i ts  u t i l i zes actua l  markets .
One approach is based on the premise that people are willing to pay more
for  a  res idence wi th  bet ter  a i r  qua l i ty .  15/  Thus,  the amount  the
ind iv idual  would be wi l l ing to  pay for  th is  qual i ty  can be revealed by
determin ing pr ice d i f ferences between proper t ies  which are s imi lar  in  a l l
respects except air qual i ty. 16/ Studies designed to measure this
d i f ference t ry  to  examine s imi lar  proper ty  in  areas of  d i f fer ing a i r
q u a l i t y . Because other factors inf luencing property value must also be
taken into account, such studies require detai led data on:

proper ty  va lue leve ls ,
s t ruc tura l  character is t ics  o f  proper ty  examined,
neighborhood characterist ics, and
neighborhood environmental quali ty.

A dif f iculty encountered in property value studies is that often more than
just  the e f fec ts  o f  v is ib i l i ty  are  measured s ince o ther  a i r  po l lu t ion
ef fec ts  are  t ied to  proper ty  va lue as wel l ,  i .e . ,  hea l th  and so i l ing and
material damage. Consequently, the results of such studies must often be
part i t ioned to prevent double counting.

The present case study assumed that a series of contingent market surveys
would be conducted in the two areas (urban and suburban) which would
experience a detectable improvement in visibi l i ty.  This assumption was
made to i l lustrate how l i t t le secondary data 17/ are avai lable for an

13/
14/

15/

16/
17 /

These are probably the best developed of such methods.
For discussions explaining or i l lustrat ing these approaches, see
Brookshire et al., 1976; Rowe et al., 1980; and Rowe and Chestnut,
1981.
A similar approach examines wage level differences in areas of
d i f f e r e n t  a i r  q u a l i t y .
The theoret ica l  bas is  for  th is  is  hedonic  pr ice theory .
Examples of studies which attempt to measure visibi l i ty benefi ts
inc lude:  Randel l ,  e t  a l .  (1974) ,  Brookshi re ,  e t  a l .  (1979) ,  SRI
In ternat ional  (1980) ,  and Brookshi re ,  e t  a l .  (1981) .
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accurate  es t imat ion o f  v is ib i l i ty  benef i ts  and that  those which are
ava i l ab le  a re  o f t en  reg iona l l y  spec i f i c . The assumpt ion i l lus t ra tes ,  a lso ,
that primary data wil l  usual ly have to be col lected to est imate these
bene f i t s . On the other hand, the resources avai lable to conduct such
surveys and the delays in obtaining OMB clearance must be taken into
account in determining the most feasible approach to deal ing with
v i s i b i l i t y  e f f e c t s .

One set of surveys, to be administered in residential and work areas, was
des igned to  est imate res ident ia l  v is ib i l i ty  benef i ts  by  determin ing the
amount a household would pay to achieve a given level of visual quality in
the area where respondants live, work and take part in everyday
r e c r e a t i o n a l  a c t i v i t i e s . Another set of surveys was designed to determine
the add i t iona l  amount  the user  o f  the reg ion 's  s ta te  park  (e .g . ,  fo r
special recreational act ivi t ies such as camping, hiking and f ishing) would
pay in increased entrance fees to achieve a given level of visual qual i ty
a t  the recreat ion area. Surveys were carried out at the park, and since
the park is used by both residents and non-residents of the study region,
both groups were surveyed. However ,  area res idents  were ins t ruc ted that      
the bid given must be in addition to whatever they would pay for visual
quali ty improvement in their home and everyday recreational area. (The
dist inct ions outl ined in this paragraph are necessary to assure
a d d i t i v i t y . )

The residential  visibi l i ty benefi ts shown in Table 11 were est imated with
the fol lowing assumptions:

residents on the average will pay annually per household, $5 per
mile of increased visual range,

the average increase in visibi l i ty in the urban-suburban areas is
approximately ten miles,

the annual growth rate of households for the twenty-year planning
period fol lows closely that of the projected populat ion growth,
and that

there is an average of 2.78 persons per household.

Recreat iona l  v is ib i l i ty  benef i ts  are  a lso shown in  Table  11.  The
assumptions for these calculat ions were as fol lows.

The area 's  in i t ia l  v is i ta t ion ra te  was 100,000 v is i ts  per  year .

An average fee increase (from the survey) of $3 per visit was
assumed. Of this, $2 represented benefi ts for increased
visibility and $1 was from reduced forest vegetation damage
(discussed under ecological effects).
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Table 11. Quant i f iable v is ib i l i ty  benef i ts  due to the proposed Pol lutant  X a i r  pol lut ion contro l  regulat ion by year 1 /

1 / Entr ies are in  constant  1980 dol lars .

2 / Includes only the urban and suburban areas.

3 / The ranges for the point estimates are not shown to reduce the complexity of the table, These can be easily calculated for each value, however,
since a constant percent variation around the point estimate was assumed for each benefit type ( i . e . ,2O%, 152, 20% and 25% for residential,
recreat ional ,  opt ion value and existence-preservat ion benef i ts ,  respect ively) . Only the. ranges for the grand total values are shown (column 8).

4 / Includes only users of the State Park in the area.

5 / Includes nonusers of the State Park from all three study areas as well as users of the park.

6 / Inc ludes a l l  three study areas.



The expected demand growth rate 18/ was 1.5 percent per year for
the  twen ty -yea r  p lann ing  pe r i od .

The calculat ion method used for both benefi t  types was simpli f ied since the
bid was assumed not to vary by income and other socio-economic
c h a r a c t e r i s t i c s . In an actual study, calculat ions should be performed for
each socio-economic grouping and then summed. Equations relat ing
v i s i b i l i t y  c h a n g e , soc io-economic  character is t ics ,  and wi l l ingness- to-pay,
would have to be worked out. One such equation developed by MATHTECH
(1981) has the fol lowing form:

B = nYaAVc (9)

where

B = wil l ingness-to-pay per household (or visit)  per year

Y'= yearly or household income

A.v.= i m p r o v e m e n t  i n  v i s i b i l i t y     

n = constant term

a ,c  =  e l as t i c i t i es  o f  i ncome  and  v i s i b i l i t y ,  r espec t i ve l y ,
assoc ia ted wi th  wi l l ingness- to-pay for  improved v is ib i l i ty

To obtain an est imate of the total benefi ts,  the results of the equation
are mult ipl ied by the number of households (or by the number of visi ts in
the case of recreational benefi t)  in the study area. Because the number of
households (and v is i ts  to  the s ta te  park)  is  a  funct ion o f  popula t ion s ize,
this number should change through time to reflect the expected population
growth.

To estimate option value benefits, we assumed that both the residential and
park surveys were uti l ized. Users of the park were asked what addit ional
amount they would be willing to pay to assure a given level of visual
qual i ty at subsequent visi ts to the park. (Respondents were instructed
that this would be in addit ion to the amount paid to achieve a given level
o f  v i sua l  qua l i t y  a t  t he  pa rk . )  Us ing  t he  res iden t i a l  su rvey ,  i nd i v i dua l s
c u r r e n t l y  ( i . e . , within the last f ive years) not using the park were
determined and asked the amount they would pay per year to assure, at a
later t ime, that the park would have a given level of visual qual i ty when
t h e y  f i n a l l y  d i d  v i s i t  i t . 19/ A survey would have to be conducted in the

18/  Note :  th is  ra te  takes in to  account  both  the e f fec t  o f  popula t ion
growth and the effect of increased attract iveness of the area due to
increased v isua l  qua l i ty .

19/ Note that a distinction must be made between the option value bid and
the existence-preservation (see Footnote 20 for an explanation of how

this might be done).
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r u ra l  a rea ,  a l so , to obtain an option value est imate for rural households,
since the residential  study i tself  was l imited to the urban and suburban 
areas.

The option value benefits shown in Table 11 were calculated using the
fol lowing assumptions:

Park users wil l  pay an addit ional $.50 per year per visit  - in user
fees to  assure that  a  cer ta in  v isua l  qua l i ty  w i l l  be mainta ined
a t  f u t u r e  v i s i t s .

Approximately 40 percent of the region's households have not
visi ted the park within the last f ive years and these households.
wil l  pay $.50 each year to assure a given level of visual quali ty
a t  the park  when they v is i t  i t  a t  a  la ter  date .

pa r t i cu l a r  a rea  (e .g . , a recreational area, a historical monument, a unique                 
natural area) by asking these individuals how much they would pay to
improve the areas 's  v isua l  qua l i ty  even though the i r  probabi l i ty  o f  use is    
low.

A part icular methodology used to est imate existence-preservation aesthetic
benefits is that employed by Greenley, et al .  (1978) and Schulze, et al .     
( 1981 ) .  The  me thod  measu res  t he  w i l l i ngness - to -pay  o f  nonuse rs  o f  a   

In the present hypothetical case study, such a question is included in the
res ident ia l  survey regard ing the preservat ion of  s ta te  park  a i r  qua l i ty .
When used, however, the survey must clearly distinguish between nonusers
and users and clearly indicate that the amount paid for such air qual i ty
preservation would be in addit ion to that paid to improve visual qual i ty in
the res ident ia l ,  work  and da i ly  recreat ion area.  A lso,  a  d is t inc t ion must
be made in the respondent's mind between the existence-preservation bid and
the option value bid. 20/ As in the case of option value, a survey would
also have to be conducted in the rural area to obtain an option value
est imate for  rura l  ind iv idua ls ,  s ince the res ident ia l  s tudy i tse l f  was
limited to the urban and suburban areas.

Aesthetic existence-preservation value est imates for the region are shown
in Table 11. These were based on the following assumptions:

the appropriate questions worded to avoid bias were added to the
res ident ia l  survey,

a significant sample of state park nonusers was found,

20/ A method which might be used to make this distinction would be to
f i rs t  quest ion the respondent  about  the i r  ex is tence-preservat ion b id .
The respondent would then be asked to assume that their probability of
visi t ing the park in the next several years is high and based on this
assumption what amount, in  add i t ion to  the i r  ex is tence-preservat ion
bid, would they pay to assure a given level of visual qual i ty at that

     time.
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the average nonuser would pay $1 per year (in constant dollars),
to  improve the v isua l  qua l i ty  in  the s ta te  park  to  the leve l
af forded by the regulatory  opt ion,  21/  and

the $1 annual fee cited by the nonuser would be a reasonable 
es t imate o f  the ex is tence-preservat ion benef i ts  for  a l l
householders.

b. Safe ty  e f fec ts

a l though decreased v is ib i l i ty  due to  a i r  po l lu t ion can cause safety
prob lems for  a i r  and sur face (automot ive)  t rave l ,  separat ing th is  e f fec t
f rom other  safe ty  fac tors  can be d i f f i cu l t . Regression models could be
developed to aid in this attempt; however, such studies are costly and time
consuming. As such,  these e f fec ts  w i l l  be  le f t  unquant i f ied  in  th is  case
study. Moreover, in most cases, safety effects would be expected to be
small .

3 . Mater ia l  Damage and Soi l ing

Although air pol lutants can cause property damage either through
de te r i o ra t i on  o r  so i l i ng , only the latter type of damage will be examined
in  th is  case s tudy (pr imar i ly  because suf f ic ient  data  are not  ava i lab le
regard ing deter iora t ion) .  Genera l ly ,  however ,  the benef i t  assessment  for
both types of material damage wil l  be similar.

So i l ing  resu l ts  f rom the accumulat ion o f  a i r  par t icu la te  po l lu tants  on
exposed surfaces ( i .e., windows; wal ls,  draperies, etc.) to such a degree
that these surfaces appear “d i r ty"  and requi re  c leaning.  (Obvious ly  more
severe accumulations can both discolor and weaken many fabrics, especially
when the par t icu la tes  are  abras ive or  cor ros ive. )  Thus,  a  reduct ion o f  a i r
pol lut ion levels wi l l  result  in less t ime and money used to maintain
comparable cleanliness. 22/ Households, businesses, industr ies, government
agencies and all other persons or companies owning buildings or structures
in  the a f fec ted area wi l l  benef i t . However, current data are avai lable to
assess the effects only on households. (MATHTECH is currently developing a
method to assess the industr ial  sector; however, the documentation of this
method is  cur rent ly  unava i lab le . )  Thus,  th is  sect ion wi l l  focus on the
effect of soi l ing on the household sector.

21/ Again a simpli f ied method of calculat ion was used. In an actual case
study, data should be examined relative to socio-economic
cha rac te r i s t i c s . The form of an appropriate equation would be similar
to that outl ined above for equation 9.

22/  Another  poss ib le  e f fec t  is  the so i l ing  or  damage of  a  h is tor ic
bu i l d i ng ,  wo rk  o f  a r t  o r  a r t i f ac t .  I n  t h i s  case ,  ex i s t ence -
preservation benefits would have to be addressed as well.
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Two approaches may be used to es t ima te  t he  bene f i t s  f r om  reduced
soiling--physical damage functions and behavorial models (MATHTECH, 1981).
The data requirements of the former are extremely burdensome since
estab l ish ing the phys ica l  damage funct ions for  spec i f ic  mater ia ls  (e .g . ,
window glass, painted woodsiding, br ick ,  l imestone)  requ i res  est imat ing the
exposu re  o f  t hese  ma te r i a l s  t o  d i f f e r i ng  l eve l s  o f  a i r  po l l u t i on  ( i . e . ,
par t icu la te  mat ter )  and re la t ing th is  to  an est imate o f  damage (e .g . ,  fo r
glass this would mean a loss of transparency). The damage function results
must then be translated into economic costs in terms of cleaning and repair
(preventative measures should also be taken into account). An example of
such a study methodology is found in Beloin and Haynie (1975).

Behavorial models bypass the need for damage functions by directly
measuring how people respond to increased soiling. Such approaches
inc lude: (1) property value studies, (2) surveys of frequency and
expendi tures for  c lean ing act iv i t ies  (hereaf ter  ca l led c lean ing survey
studies), and (3) economic demand and supply models (MATHTECH, 1981).
Proper ty  va lue s tud ies have a l ready been d iscussed in  th is  chapter 's
sec t i on  on  v i s i b i l i t y ;  aga in , t h e  w e a k n e s s  o f  s u c h  s t u d i e s  i s  t h e i r
inab i l i ty  to  separate  so i l ing  e f fec ts  - f rom heal th  and aesthet ic  e f fec ts .

Cleaning survey studies often use the paired cit ies (or areas) approach and
compare the frequency of household maintenance and cleaning activities in
a reas  w i t h  d i f f e r i ng  l eve l s  o f  a i r  po l l u t i on . Examples of such studies
inc lude: Michelson and Tourin (1967), Booz, Allen and Hamilton (1970),
Nariayan and Lancaster (1973), Liu and Yu (1976), Brookshire, et al.
(1979), and Cummings, et al. (1981). The disadvantages of such studies
inc lude the i r  inab i l i ty  to  account  for  a l l  confounding var iab les,  the fac t
that  the i r  resu l ts  are  spec i f ic  to  on ly  a  smal l  number  o f  pa i red c i t ies  or
s i t e s , and the dif f icult ies they pose in determining the proper form for
frequency of cleaning functions.

The economic demand and supply model approach is based on the premise that
the value to society of reduced soiling should be measured by the aggregate
amounts members of society would be willing to pay to attain the same level
of cleanl iness for less labor and expense. Measuring this requires
knowing: (1) the reduced out-of-pocket expenditures and (2) the effect that
cost savings wi l l  have on prices, since reduced cost for "cleanl iness" can
result in an increased demand (and in turn an increased price) for goods
and services associated with cleaning (MATHTECH, 1981). This approach
represents the most advanced method for estimating soiling benefits.
Examples of such studies include: Watson and Jaksch (1980) and MATHTECH
(1981).

For this case study, the economic demand and supply model approach was not
ut i l ized, however, due to a lack of avai lable data. (The Watson and Jaksch
(1980) study is currently unpublished and the MATHTECH approach, due to its
pre l iminary  nature, is currently unavailable in enough detai l  to be
uti l ized.) Instead, the benefi ts were based on the Cummings et al .  (1981)
study which was chosen because it includes both the expenditures for
cleanl iness and the opportunity cost of labor.
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In est imating the relat ionship between damages and pol lutant levels,
  Cummings, et al. took into account many factors including income level and

costs in households where help is hired and costs in households where help
is  not  h i red. From this study, it was determined that each 1 ug/rV
decrease in annual average part iculate matter levels resulted in a decrease
of $6.63 dol lars per year per household in cleaning and labor costs.
Assuming that Pol lutant X's soi l ing effects are only one quarter as severe
as those o f  par t icu la te  mat ter ,  a  s impl i f ied  express ion re la t ing reduced
costs and changes in Pollutant X levels would be:

S ij =  (1 .66  ~Pij) Bij (10)

where

S i j = the reduction in cleaning expenses for region i  in year j

AP.. =
i j

change in  Pol lu tant  X leve l  in  reg ion i  for  year  j

B i j = number of households in region i for year j

The benefi t  est imates of reduced soi l ing that are associated with the
regulatory option considered are shown in Table 12. (Benefi t  est imates
were made for the urban and suburban areas only, since Pollutant X levels
are assumed low enough in the rural area that l i t t le or no soi l ing occurs.)

4. Eco log ica l  Ef fec ts

The eco log ica l  e f fec ts  o f  a i r  po l lu t ion resu l t  f rom the impact  o f
po l lu tants  (usual ly  ox idants  and su l fur  d iox ide)  on p lant  l i fe  and an imal
popula t ions. The major documented effects, however, have been on
vegetat ion;  thus th is  sect ion wi l l  p r imar i ly  address the e f fec t  o f  a i r
pol lut ion on plants though much of what is proposed is also appl icable to
animal populat ions when a signif icant effect is demonstrated.

There are three classes of ecological effects--commercial,  ornamental and
na tu ra l . Each will be separately assessed below.

a. Commercial effects

Commercial effects result when commercial plants are damaged. Examples
inc lude agr icu l tura l  c rops,  t imber  product ion t rac ts ,  Chr is tmas t ree farms,
and f lo ra l  and fo l iage p lant  c rops. Air pollution can cause damage either
to  the fo l iage or  the f ru i t  and can resu l t  in  the i r  reduced va lues.
Addi t iona l ly ,  p lant  growth (and in  turn  f ru i t  and f lower  growth)  can be
reduced either through fol iage damage or through physiological effects,
which, though not result ing in overt damage, do result  in reduced yields.

Several methods exist to est imate the benefi ts result ing from reduced air
pollution damage to crops. One approach is to directly value the amount of
production lost per year due to the air pol lutant examined. Examples of
such studies include: Benedict,  et al .  (1971) and Liu and Yu (1976).
However, a more recent approach is to measure producer and consumer surplus
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Table 12. Reduced soiling benefits due to the proposed Pollutant X
ai r  po l lu t ion contro l  regulat ion by year  1 /

j Year
Total

Urban 2/ Suburban 2/ Estimate Range

------------------thousands of dollars------------------

1
2
3
4
5

1982 0
1983 4,690
1984 9,474
1985 13,962
1986 14,868

0
1,446
3,415
5,183
5,495

0 0
6,136 4,675- 7,598

12,889 9,838-15,941
19,145 14,618-23,673 
20,363 15,547-25,179

6 1987     15,017 5,687 20,704 15,735-25,673 
7 1988 15,546 5,882 21,428 16,285-26,570
8 1989 16,060 6,079 22,139 16,826-27,452
9 1990 16,632 6,288 22,920 17,419-28,421

10 1991 17,132 6,496 23,628 18,046-29,210

11 1992 17,756 6,708 24,464 18,593-30,335
12 1993 17,332 6,924 25,256 19,195-31,317
13 1994 18,933 7,144 26,077 19,819-32,335
14 1995 19,531 7,369 26,900 20,368-33,232
15 1996 20,119 7,598 27,717 21,167-34,267

16 1997 20,735 7,832 28,567 21,711-35,423  
17 1998 21,365 8,214 29,579 22,480-36,678
18 1999 21,998 8,313 30,311 23,036-37,586
19 2000 22,645 8,560 31,205 23,716-38,694
20 2001 23,303 8,802 32,105 24,519-39,691

1/ Expressed in constant 1980 dollars.

2 / The ranges for most entries are not shown to reduce the complexity of
the tab le . These, can be easily calculated for each value, however,
since a constant percent variat ion around the point est imate was
assumed for each area (i.e., 25% and 20% for the urban and suburban
areas, respec t i ve l y ) . Only the ranges of the grand total values are
shown (column 6).
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changes traceable to reduced damage levels (Leung et al., 1981; Page et
a l . , 1981). Th is  la t ter  approach wi l l  be used in  th is  case s tudy.  S ince
Pollutant X is assumed to be regional ly specif ic, the increased yields due
to  t he  reduc t i on  o f  t h i s  po l l u tan t  w i l l  l i ke l y  no t  a f f ec t  t he  p r i ces
received for the crops in the region; thus, since consumer surplus wi l l  not
be a f fec ted,  i t  w i l l  no t  be es t imated 23/ .

Figure 2 i l lustrates how the change in producer surplus can be est imated i f
the appropriate data are avai lable. S Iij represents the crop i  supply

curve in year j  i f  Pol lutant X is not regulated and S
2 i j i s  the  crop 's

supply  curve in  year  j  w i th  the regulatory  opt ion. (There would be a set
of such curves for each year of the planning period.) For reasons stated
p r e v i o u s l y ,  t h e  p r i c e ,  , i s  constant  in  both  s i tuat ions. The change in
producer surplus resulting from reduced damage in year j is represented by
the shaded area 0cd which is estimated as follows:

APS ij = (Pi X Q,ij  - f2) - (11)

where

A&..  =
i j

the change in producer surplus for crop i  in year j

'i
= the pr ice o f  c rop i  in  constant  do l la rs

Qlij = quant i ty  o f  crop i  produced in  year  j  i f  Po l lu tant  X is  not
regulated

Q2ij = quant i ty  o f  crop i  produced in  year  j  i f  the regulatory  opt ion
is chosen

fI = J 'lij SIij dQ
0

f2 = oJ
Q2ij

'2ij dQ

The total change in producer surplus each year is the summation of nPSij
f o r  a l l  c rops .

To estimate APS empirically the following are needed:

2 3 /  In a national study, consumer surplus wi l l  have to be est imated since
pr ices would l ike ly  be af fec ted. Leung, et al .  (1981) uses this
method.
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Pr ice

Figure 2. I l l u s t ra t i on  o f  p roduce r  su rp lus  whe re  Slij r ep resen t s
c rop  i  supp l y  l eve l s  i n  yea r  j  w i t hou t  t he  regu la to ry
opt ion and S2ij rep resen ts  c rop  i  supp l y  l eve l s  i n  yea r
j  w i t h  t h e  r e g u l a t o r y  o p t i o n .  1 /

1 /  Pa t t e rned  a f t e r  Page ,  e t  a l . (1982).
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A damage function must be determined to relate pollutant levels
to plant damage. This funct ion should take into account other 
fac tors  which a f fec t  y ie ld  (e .g . ,  temperature ,  humid i ty ,  annual
amounts of sunl ight,  pests, etc.)  and such a funct ion is
necessary for each crop type examined since sensit ivi ty varies by
species and variety. The information for such functions can be
obtained from studies examining the effects of air  pol lutants on
specif ic crops and examples include: Heagle, et al .  (1972, 1974,
1979 a and b), Oshima (1973), Shannon (1974), Larsen and Heck
(1976), Oshima, et al. (1976 and 1977), Heggestad, et al. (1977),
McLaughlin, et al .  (1979), Loucks, et al .  (1980), and Sprugel, et
a l .  ( 1980 ) . Addi t iona l ly ,  EPA sponsors  the Nat ional  Crop Loss 
Assessment Network project established to examine both the
physical and economic damages to crops which result from air
p o l l u t i o n . The project 's study data are just beginning to enter
t h e  l i t e r a t u r e .

An estimate must be made of crop yields for the planning period       
with and without regulat ion. Such an est imate is needed for each
year of the planning period and should take into, account the

yields due to improved strains and
during the planning period,

following factors: 
increased per acre
farming techniques
ai r  po l lu tant  leve ls  and the crop land area a f fec ted
each year,
cropland lost each
development, and

year  due to  non-agr icu l tura l

results of the dose-response funct ion

Data sources for such information include OBERS (1972 and 1975),
24 /  ag r i cu l t u ra l  ex tens ion  s tud ies ,  ag r i cu l t u ra l  s t a t i s t i c s ,  and
area pr imary data co l lec t ions.

Estimates are needed, also, of supply curves with and without
regula t ion. Examples of studies in which such curves have been
estimated include. Leung, et al. (1982) and Page, et al. (1982).

The functions must also include estimated annual prices of the
affected crop.

To calculate APS for the case study, the following assumptions were made:

Only one crop type, crop i ,  wi l l  be affected. 25/

2 4 /  A regression analysis will likely have to be used along with OBERS to
update the pro jec t ions.

25/  Note:  the procedure would  be s imi lar  for  a l l  c rop types.  Af ter
calculations would be made for each, all would be summed.
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Current crop losses due to Pollutant X are estimated at 8 percent
per year. 26/ This level is expected to reach 10 percent by the
end of the planning period.

Approximately 50,000 acres are currently affected by Pollutant X,
and this amount is expected to increase by approximately 1
percent per year during the study period.

Per acre yields are expected to increase according to OBERS
pro jec t i ons , and current yields are 100 bushels per acre in areas
unaffected by pollution X damage.

Current prices are 32.50 per bushel.

The regulatory option considered would reduce Pollutant X levels
to non crop damaging levels once the ambient air quality standard
is reached.

The supply curve estimate was patterned after that of Page, et
al.  (1982), though this form may not be appl icable in al l
s i t u a t i o n s . The curves were assumed to have a constant
elast ici ty of supply (.7) over the relevant range and a form
reflected by the equation:

Q = aPb (12)

where Q is the quantity produced each year 27/, P equals price,
and b is  the e las t ic i ty  o f  supply .  The parameter ,  a ,  is  so lved
for each year since al l  other equation values are known. This
parameter f ixes the posit ion of the supply curve.

The results of the calculations are shown in Table 13.

b. Ornamental effects

Ornamental effects result when air pollutants damage shrubs, lawns, shade
trees, and other plants used to landscape homes, businesses, cemeteries,
parks, and other publ ic places to such an extent that addit ional
maintenance and replacement costs are incurred. However ,  l i t t le  cur rent
in format ion is  ava i lab le  to  assess th is  e f fec t . Thus, the benefi ts
result ing from reduced care and necessity of replacing ornamentals wi l l  not
be quant i f ied for  th is  case s tudy.

26/ Note: Since a wide range of damage levels in the affected areas
e x i s t s , the calculations would be performed by subarea so chosen as to
minimize damage variances within them. However, to simpli fy the
calculat ions, the present study assumed that the variance level was
low.

27/ To form the pair of supply curves required each year, one of the
curves would have Q equal to yields without pollution and the other

   would have Q equal to yields with regulat ion.
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Table 13. Ecological benefi ts due to the proposed Pollutant X air pol lut ion control regulat ion by year 1/

Commercial Natural Systems 2/ Total
j Year Plant Systems 2/ Recreation Opt ion Existence-Preservation Value Range

-------------------------------------thousands of dol lars-------------------------------------                 

1
2
3
4
 5

0
146
147
149
151

1982 0
1983 145
1984 335
1985 670
1986 674

0 0  0
128 1,528 1,947
129 1,540 2,151
130 1,556 2,505
132 1,576 2,533

0
1,487-2,215
1,640-2,468
1,908-2,909
1,928-2,941

6
7
8
9

10

1987 678 154
1988 681 156
1989 684 158
1990 707 160
1991 730 162

134 1,592 2,558
136 1,608

1,616
2,581

136 2,594
138 1,636 2,641
140 1,652 2,684

1,949-2,967
1,966-2,992
1,976-3,008
2,012-3,064
2,043-3,115.

11 1992 753 163 142 1,668 2,726 2,077-3,163
12 1993 776 167 144 1,688 2,775 2,114-3,220
13 1994 795 170 145 1,704 2,814 2,145-3,265
14 1995 814 171 147 1,724 2,856 2,177-3,315
15 1996 833 174 149 1,740 2,896 2,202-3,366

16 1997 852 177 151 1,760 2,940 2,241-3,413
17 1998 871 179 152 1,776 2,978 2,271-3,457
18 1999 903 182 154 1,796 3,035 2,315-3,523
19 2000 936 184 156 1,812 3,088 2,355-3,587
20 2001 969 187 158 1,828 3,142 2,388-3,660

1 / Expressed in constant 1980 dollars.

2 / To reduce the complexity of the table, the ranges for most entries are not shown. These can be easily
calculated for each value, however, since a constant percent variation around the point estimate was
assumed for each,benefi t  type ( i .e., 25%, 15%, 25% and 20% for commercial, recreation, option and
ex is tence-preservat ion benef i ts ,  respect ive ly) . Only the ranges of the grand total values are shown
(column 8).



c. Natural ecosystem effects

Natural ecosystem effects consist of recreational,  opt ion value and
ex is tence-preservat ion benef i ts . 28/  (Bequest  benef i ts  are  not  inc luded
separate ly  due to  reasons out l ined in  Footnote  10. )  The f i rs t  resu l ts  when
ind iv idua ls  walk ing,  runn ing,  b ik ing,  e tc .  in  natura l  areas ga in
satisfact ion because these areas are not damaged by air pol lut ion. 
Assessing these values is possible with a careful ly designed
wi l l ingness- to-pay survey s imi lar  to  that -  descr ibed in  th is  chapter 's
v i s i b i l i t y  s e c t i o n . (A travel cost approach could also be used if a proper
study site could be found.)

This present case study assessed the recreational benefi ts of natural
ecosystem effects by employing the following assumptions:

Reduced damage in a hypothetical state park was an assumed $1 or
1/3  o f  the to ta l  average b id  estab l ished in  the v is ib i l i ty  survey
based on quest ions in  the survey des igned to  separate  these f rom 
o t h e r  V i s i b i l i t y  b e n e f i t s .

The suburban area surveyed contained several natural areas that 
the survey indicated were used by 10 percent of the suburban
res idents . Survey questions indicated that such persons would
pay an extra $3 29/ per year to real ize the level of reduced
damage 30/ resulting from the proposed regulatory option.

These benefit estimates are shown in Table 13.

For the option value est imate, both residential and park user surveys were
u t i l i zed  as  ou t l i ned  i n  t he  v i s i b i l i t y  sec t i on  f o r  t h i s  bene f i t  t ype ;
however, in this case, the questions would focus on the respondent's bid to
assure, for future visi ts, a given level of reduced vegetat ion damage
rather  than v isua l  qua l i ty .  The opt ion va lue benef i ts ,  shown in  Table  13,
were estimated using the following assumptions:

28/ An addit ional type of benefi t  can result  because natural systems are
often interconnected, and one system may often affect the

env i ronmenta l  qual i ty  o f  another  area. For example, fores ts  in  a
watershed help regulate the mineral and chemical composition of the
water entering nearby streams, since mature systems hold minerals and
nu t r i en t s  ( e .g . ,  n i t r a t es ,  po tass i um, sod ium,  ca lc ium,  e tc . )  in  t igh t
pools. As the forest becomes stressed (e.g., vegetative damage and
species composition change), these pools may begin to release more of
these mater ia ls  in to  s t reams,  and th is  in  turn  a f fec ts  water  qua l i ty
as well as the biota found in the streams. However ,  s ince l i t t le  data
ex i s t  t o  a l l ow  an  eva lua t i on  o f  spec i f i c  s i t es ,  t h i s  e f f ec t  w i l l  no t
be addressed in this case study. In certain circumstances, such
effects may need examination (Smith, 1974).

29 /  Th i s  i s  assumed  to  be  i n  add i t i on  t o  t he i r  b i ds  f o r  v i s i b i l i t y
e f f e c t s . In an actual survey, this must be establ ished to assure that
values can be added.

30/  Note:  determinat ion o f  these leve ls  may be d i f f icu l t .
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Park users wil l  pay an addit ional $.50 per visi t  in user fees to
assure a given level of reduced vegetation damage for future
v i s i t s  t o  t he  pa rk .

Regional households not currently using the park would pay
approximately $.50 per year to assure that when they do use the
park a given level of reduced vegetation damage will be apparent.

Existence-preservation values associated with natural areas result  because
the affected natural areas and species may have value because they are rare
(endangered, threatened or unique), and both users and nonusers derive
p leasure f rom the i r  cont inued ex is tence per  se .  Again,  a  carefu l ly
designed wil l ingness-to-pay survey could be used to value this. For the
case study, the following scenario was developed 31/:

The state park contains an area of virgin forest which, according
to  recent  s tud ies , has shown foliage damage, reduced species and
a shif t  in species composit ion. These effects have been shown to
primari ly result from Pollutant X damage, and i f  the regulatory
option considered is implemented these effects should decrease
subs tan t i a l l y . The area is unique because few uncut forests of
th is  type ex is t  in  the Uni ted States.

To assess the existence-preservation value of this area among the
people in the study area, t he  res iden t i a l  v i s i b i l i t y  su rvey  was
again ut i l ized with questions added deal ing with the preservation
o f  t he  f o res t  i t se l f  ( as  opposed  t o  t he  v i s i b i l i t y  i n  t he  pa rk ) .
The bid, $4 per year, from nonusers of the park was felt to
provide the best est imate. In asking the survey question, i t  was
made clear that this $4 was in addit ion to the $1 bid for
i nc reased  v i s i b i l i t y  i n  t he  a rea .  32 /

The estimates of existence-preservation benefits are shown in Table 13.

5. Aggregation of Benefi ts

As was indicated previously, two levels of aggregation have to be performed
in a benefits analysis. The first involves a summation across study units
( e . g . , regions, counties) and the second aggregates across benefit types.
In this case study, the summation across study units was performed for each
benef i t  type. This procedure is often used for benefi t  analysis, since
this aggregation is usual ly straightforward (provided the study design and
data co l lec t ion are carefu l ly  organized) .

31/ The dist inct ion was very careful ly made between the
existance-preservation bid and the option value bid in a manner
s imi lar  to  that  out l ined in  Footnote  20.

32/  Of ten a  to ta l  ex is tence-preservat ion b id  may be f i rs t  e l ic i ted.
Fol lowing that, the respondents are then asked to part i t ion that bid
by  t he  d i f f e ren t  f ac to r s  wh i ch  i n f l uence  t ha t  b i d - - v i s i b i l i t y ,  na tu ra l

      surroundings, etc.
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The aggregation across benefit types is not always as easily accomplished,
since est imates for dif ferent benefi t  types frequently overlap and can
resu l t  in  double  count ing. Thus; as cautioned previously, the analyst must
be aware of what each measurement technique used actually measures. In
this case study, the techniques used were carefully chosen and defined to
avoid such double counting; hence, i ts results can be direct ly added.
However, this may not always be the case in benefit analyses, since
secondary data may have to be relied on and their calculations may not
a lways be d i rect ly  appl icab le. If overlap is suspected, a method of
part i t ioning the overlapping est imates should be developed.

Information for this can be obtained from empir ical studies which, though
they used techniques similar to those suspected of overlap, did attempt to
par t i t ion  the resu l ts  in to  spec i f ic  benef i t  types.  Examples o f  such
studies include Brookshire, et al .  (1979) and Cummings, et al.  (1981).

The aggregate benefits for this case study are shown in Table 3.
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D. Social Costs

This sect ion presents the social costs of implementing the Pol lutant X air
po l l u t i on  con t ro l  r egu la t i on . These costs are defined as the value of
goods and services lost by society result ing from (1) the use of private
resources to comply with a regulat ion, (2) the reduction in output
a t t r ibutab le  to  compl iance, and (3) the use of government resources to
implement a regulat ion. Past analyses usually focused only on those costs
i ncu r red  by  d i r ec t l y -a f f ec ted  p r i va te  pa r t i es . The to ta l  soc ia l  cos ts
presented here, however, inc lude a l l  compl iance costs  (net  o f  t ransfers) ,
governmental regulatory costs, deadweight welfare losses, and adjustment
costs. The d is t r ibut iona l  e f fec ts  o f  these costs  are  not  exp l ic i t l y
considered in the measure of the total social costs; however, they are
in t r ins ic  to  some costs  ca lcu la t ions ( i .e . ,  ad jus tment  costs)  and they are
presented in the economic impacts section.

The total social costs of regulatory compliance should be ideal ly est imated
in a dynamic,. general equilibrium framework which measures over time all of
the d i rect  and ind i rect  responses to  the regula t ion in  a l l  d i rec t ly  and
ind i rec t ly  a f fec ted markets . Since in most cases, however, the time and
resources requi red to  per form such an analys is  would  be proh ib i t ive ,  
pract icab i l i ty  d ic ta tes  that  a  s impler  conceptua l  f ramework  o f  a  s ta t ic ,
pa r t i a l  equ i l i b r i um ana l ys i s  be  u t i l i zed . As long as the study indicates
the equi l ibr ium points chosen for the analysis and defines the inherent
b iases o f  these se lec t ions,  such a  s ta t ic  ana lys is  is  conceptua l ly
acceptable.

Given the f ramework o f  a  s ta t ic ,  par t ia l  equ i l ib r ium analys is ,  the
procedures for  es t imat ing the to ta l  soc ia l  costs  shou ld  not  d i f fe r
substantial ly from those of current agency cost analyses. The f i rm 's

compl iance costs  ( the pr iva te  sector , rea l  resource costs)  would  s t i l l
const i tute the major port ion of the total social costs, and they would
continue to be based largely on engineering cost estimates. Though
consti tut ing a much smaller port ion of social costs, the other three types
of costs -- government regulatory, deadweight welfare, and adjustment --
must also be calculated.

In this case study's calculat ions of the above four types of costs, the
following industry-related assumptions were made:

F i rms in  three reg ional  indust r ies- -A,  B and C--wi l l  be a f fec ted
by the proposed Pol lu tant  X a i r  po l lu t ion cont ro l  regula t ion.

The proposed regulat ion wil l  require that, new pol lut ion abatement
technology be added to existing and new manufacturing plants in
the a f fec ted indust r ies .

No charge wi l l  occur  in  the operat ing e f f ic iency o f  the a f fec ted
p lants .
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Economies of scale exist in each industry's plants, and three
model plant sizes wi l l  ref lect such major economic dif ferences.

Industries A and B employ a single major process, and each
industry's f i rms wil l  be represented by a combination of small ,
medium, and large model plants. Industry C employs two major
processes--Process 1 is an old process, Process 2 is a newer one
- -and  a l l  p l an t s  a re  re la t i ve l y  l a rge .

Model plant results wil l  be aggregated to industry levels by
multiplying each model by the applicable number of small, medium,
and large plants in each industry.

The fol lowing four subsections wi l l  detai l  the procedures appl icable to
determining the four types of social costs noted above.

1. Private Real Resource Costs

Calculat ing private sector real resource costs requires est imating the
investment costs, the annual operating and maintenance costs, and any
addi t iona l  annual  regula tory  costs  incurred by the pr ivate  sector . The                      
procedures for estimating these costs are well documented by EPA.

Br ie f ly ,  such est imates invo lve the fo l lowing:

Delineating the geographic region of study and determining for
that  area the cur rent  and pro jected basel ine a i r  qua l i ty ,  the
sources which emit the regulated pol lutants, the current and
projected emission rates from each source, the relat ionship
between each source's emission rate and the ambient air quality,
and the current and projected level of pol lutant control at each
source ( I f  f e a s i b l e , “model regions" may be uti l ized to perform
the analys is . )

Calcu la t ing equipment ,  mater ia l ,  ins ta l la t ion,  operat ion and
maintenance costs for each feasible control option by source
tak ing in to  account  cost  d i f fe rences between new and ex is t ing
p lants

Calculat ing emission reductions attainable with each control
option (or combination of options)

Reviewing control opt ions to reject those which are less cost-
e f fec t ive  and def in ing a  cha in  o f  po l lu t ion reduct ion cont ro l
options for each source

Compil ing a constrained, least-cost opt imizat ion program which
would be l inked to an air quality model based on the
emissions-rate-to-air-quality relationship      

Comput ing the least -cost  po l lu t ion cont ro l  s t ra tegy for  ach iev ing
the requi red ambient  a i r  qual i ty .
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The least-cost strategy defines the control opt ions and their associated
investment, operation, and maintenance costs. These costs are summed to 
obtain the compliance costs of the regulatory act ion.

Tradit ional ly, compliance cost est imates have represented the f inal results
of  a  cost  ana lys is ; however, in the total social  cost approach, the
compliance cost est imates are incorporated into a stat ic part ial
equilibrium analysis of supply and demand to determine the probable changes
in  pr ice and output  resu l t ing f rom regula t ion. The compl iance costs  fo r
t he  resu l t i ng  pos t - r egu la t i on 3 3 / output level are then est imated as a
proxy for  pr iva te  sector  rea l  resource costs .  The s teps fo l lowed in  the
present analysis are designed to estimate the (1) revenue requirements
necessary to recover the costs of compliance, (2) vert ical shif t  in supply,
and (3) changes in output and prices due to regulation. The calculat ions
performed for each of these steps are discussed below.

The revenue requirements necessary to recover the costs of compliance are
est imated as the price increase at each level of output required to
ma in ta i n  a  f i rm ' s  p ro f i t ab i l i t y  a t  t he  p recon t ro l  l eve l .  The  me thod  o f
est imating this required price increase is based on the discounted cash
flow procedures used to est imate the present values of pol lut ion control
costs. A detai led discussion of these procedures is presented in the
economic impact sect ion (Section E) of this report.

Briefly, the discounted cash flow procedures produce an annual percent
pr ice increase " requi red" by each model plant in each industry. The annual
percent increases are averaged for each model plant in an industry and a
weighted average price increase based on production levels of the model
p lants  is  determined for  the indust ry . The percent price increase is then
mult ipl ied by the pre-regulat ion price to determine the average incremental
pr ice increase (AC) requi red by a l l  f i rms in  the indust ry  to  mainta in
p r e - r e g u l a t i o n  p r o f i t a b i l i t y .

Once the required price increase has been projected and information on the
demand and supply elast ici t ies is avai lable, the changes in output and
prices due to regulat ion can be calculated. 34/ To est imate the post-
regula t ion pr ice and quant i ty  equi l ib r ium, the supply and demand functions
can be estimated from the supply and demand elasticities -and the
pre-regulat ion pr ice and quant i ty . This process produces linear demand and
supply functions:

33/ Throughout this sect ion, reference is made to the pre- and
pos t - r egu la t i on  cha rac te r i s t i c s  o f  t he  i ndus t r i es .  Th i s  t e rm ino logy
is used to dist inguish the dif ferences between the characterist ics of
the indust ry  wi thout  regu la t ion (base l ine)  and the character is t ics  o f
the indust ry  w i th  regu la t ion.
any specif ic t ime frame.

This terminology is not meant to imply

3 4 /  This approach goes beyond the guidance in Appendix B, which suggests
tha t  f o r  mos t  pu rposes  i t  i s  su f f i c i en t  i f  t he  supp l y  e l as t i c i t y  i s
assumed to  be in f in i ty  (per fect ly  e las t ic ) .
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pD = a + bQ,

ps = c + dQ,

where

(13)

(14)

pD
= demand price,

a = intercept of the demand funct ion,

b = slope of the demand function,

Q, = demand quantity,

PS = supply price,

C = in tercept  o f  the supply  funct ion,

d = slope of the supply function, and

Qs = supply  quant i ty .

The industry is in equilibrium when demand and supply intersect at a
quant i ty  Q, such that

Q, = $$

PI = a+b E

(15)

(16)

For the purpose of est imating changes in output, i t  is necessary to
consider only the shape of the functions in the relevant range of study
i . e . , near  pro jected equi l ib r ium. The assumption of l ineari ty over this
range s impl i f ies  the ca lcu la t ions and should  not  resu l t  in  s ign i f icant
es t imat ion er rors . The required price increase (AC) in each industry is
added to the supply curve and the new equilibrium price and quantity are:

a-C-AC
QZ = d-b

and

a-c-AC
p2 = a+b( d-b

(17)

(18)

Given the new output and price level, the compliance expenditures--which
represent the opportunity costs of the resources used to achieve
compliance --can be calculated. Assuming the private costs of the resources
used to  ach ieve compl iance accurate ly  re f lec t  the i r  va lue in  a l ternat ive
uses, the private sector real resource costs of compliance are given by the
fo l lowing equat ion:
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where

(19)

PSC = private sector real resource costs,

Pi =  the pr ice o f  resource i ,

Ai = the amount of resource i required to achieve compliance per unit
o f  output ,

Q, =  the output  leve l  w i th  regu la t ion,

i = indicates the resource used ( labor, land, equipment, etc.)

This equation, in  i ts  s imples t  fo rm,  def ines the sum of  the f ixed and
variable compliance costs at the post-regulat ion output level. The

 compliance costs, are considered on a before-tax basis, since the resources,
would be taxed in the alternative use. These costs ,  a f te r  net t ing  out
transfer payments (some taxes and insurance), ref lect the private sector,
rea l  resource costs  o f  regu la t ion.

The above discussion assumed that the production characterist ics, pol lut ion
cont ro l  technology e f fec ts , and the engineering est imates of the f i rms'
compliance costs have already been developed. The relevant industry
characterist ics are the number of f i rms, average annual plant production,
annual industry production, and average product price. These
characterist ics for each industry are presented below.

Industry

Number Avg. annual Annual Average
o f p lan t indust ry product

f i rms production production p r i c e

A   130 18,250 2,372,500 $153.85
B 66 267,800 17,674,800 $27.05
C 8 1,451,724 11,613,792 $29.00

The levels of emission reduction and sol id waste generat ion for the
selected po l lu t ion cont ro l  technology for  each indust ry  analyzed in  th is
s tudy are the fo l lowing:

Industry

Percent Avg. annual tons
emission of sol id waste
reduction generated

A 94 750
B 95 1,125
c 97 1,425

49



The f irm's compliance costs for the selected technologies include the
investment costs, annual operation and maintenance costs, annual solid
waste disposal costs, and annual paperwork costs. These costs, including
total annual costs and unit  annual costs, are presented in Table 14.

Engineering cost analysis determined that the average pol lut ion control
investment cost per plant in Industry A is $324,615. The annual cost is
$157,923, which, based on an annual plant production rate of 18,250 units,
is  $8.65 per  un i t . Plants in Industry B incur an average pol lut ion control
investment cost of $364,394 and annual compliance costs of. $234,230, or
$ .95 per  un i t  o f  output , based on an annual plant production of 267,800
u n i t s . Plants in Industry C incur an average investment cost of $1,593,750
and, based on an annual plant production rate of 1,451,724 units, annual
costs of $302,750 or 5.21 per unit  of output.

The procedure that was used is as follows: these compliance costs were
applied to the NPV analysis in the economic impact, section (Section E of 
this report) to determine the average price increase in each industry
necessa ry  t o  ma in ta in  p re - regu la t i on  p ro f i t ab i l i t y .  App l y i ng  t he  resu l t i ng
price increases to the industry's supply function determined the projected
sh i f t  in  the supply  funct ions and the regu la t ion- induced sh i f t  in  outputs
and prices. The results of this analysis are presented tabularly in Table
15 and graphical ly in Figure 3. 35/ The pre-regulation supply and demand
functions were derived from the supply and demand elasticities and the
equi l ib r ium pr ice and quant i ty  pr ior  to  regula t ion. The post-regulat ion
equil ibr ium price and quantity in each industry was determined by adding
the requi red pr ice increase to  the supply  funct ion 's  y- in tercept  and
deriving the new equil ibr ium price and quanti ty.

Summing the plant compliance costs at the post-regulation output level
determines the private sector real resource costs for each industry. These
are shown in Table 16. The pol lut ion control investment costs are derived

35/ The supply and demand functions presented for Industries A, B, and C
are in tended to  character ize the range of  poss ib le  re la t ionsh ips that

    may be encountered in an actual analysis. At t imes, studies must
assume perfectly elastic supply and inelastic demand functions because
indus t r i es ' supply and demand relationships have not always been
determined adequately. Where empirical studies have not been
performed, the judgment of industry experts may have to be ut i l ized.
Where reasonable supply or demand elasticity estimates are available,
the procedures presented for Industry B should be followed.
A d d i t i o n a l l y , the supply shif ts in this analysis are assumed to be
p a r a l l e l . An example of a non-paral lel shif t  in industry supply is
shown in the water case study following the present case.

50



Table 14. Average plant compliance cost estimates for the selected
pol lu t ion cont ro l  opt ion by indust ry  1 /

Type of cost
Industry

A B C

- - - - - - - - - - - - - - - - ( $ / p l a n t ) - - - - - - - - - - - - - - - - - -

Investment costs $324,615 $364,394 $1,593,750

Annual costs:
Operating & maintenance 126,923 207,730 243,750

Solid waste d isposa l  2 / 30,000 45 ,000 57,000

Paperwork 3/

Total annual costs 4/

1,000 1,500 2,000

$157,923 $254,230 $302,750

Unit annual costs 5/ $8.65 $ . 9 5 $.21

1 / These cost est imates ref lect the average costs that al l  f i rms in each
i n d u s t r y  w i l l  i n c u r ,  i . e . , the dif ferences in costs incurred by small ,
medium and large plants are not indicated in the table (such
dif ferences are shown in Section E. Economic Impacts).  This
aggregation was necessary to perform the equi l ibr ium analysis.

2 / Includes barrels, shipment,
l a n d f i l l .

labor ,  and d isposa l  charge a t  o f f -s i te

3 / Includes administrat ive, technical and secretarial  t ime necessary to
 maintain required records.

4 / Calculated by summing the three annual costs.

5 / Calculated by dividing annual variable costs by annual production.
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Table 15. Aggregate industry market data and stat ic part ial equi l ibr ium analysis results by industry

A
Industry

B C

Supp ly  e las t i c i t y

Supply function (1,000 Q)

Demand elasticity

Demand function (1,000 Q)

I n f i n i t e

PAz153.85

- .48

P,=474.37-.135lQ~

t . 9 8

PBr-.55t.001561QB

-1.1

PB=51.64-.001391Qg

+1.3

PC=8.7+.0032QC

0

Qc’ll,G13,792

Production with regulat ion 2,372,500 17,678,364 11,613,792

Pr ice wi thout  regu la t ion

Production with regulat ion

Pr ice wi th  regu la t ion

Required price increase 1/

Incremental compliance costs 2/

$153.85

3.30%

$5.08/unit

2,334,863

$158.93

$27.05

1.87%

$ .51 /un i t

17,513,550

$27.28

$29

0.80%

.23 /un i t

11,613,792

$29.23

1 / Obtained from Section E (Economic Impacts).

2 / Calculated by mult iplying the required price increase by the price without regulat ion.



Figure 3. I l l us t ra t i on  o f  r egu la t i on - i nduced  supp l y  sh i f t s  and  t he i r
economic effects for Industries A, B and C
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Table 16. Private sector real resource costs of the proposed
Pol lu tant  X a i r  po l lu t ion contro l  regulat ion by indust ry  and year

Yea r
Industry

A B C Tota l

- - - - - - - - - - - - - - - - - - - ( $ m i l l i o n ) 1 / - - - - - - - - - - - - - - - - - -

2 .6

1 1982 0 0 0 0
2 1983 20.8 13.8 5.7 40.3
3 1984 27.9 19.6 6.7
4 1985

54.2
35.5 25.6 5.8 66.9

5 1986 21.0 17.5 2.5 41.0

6 1987 21.2 17.7 2.5 41.4

7 1988 21.4 17.8 41.8
8 1989 21.7 18.0 2.6 42.3
9 1990 21.9 18.2 2.6 42.7

10 1991 22.1 18.4 2.6 43.1

11 1992 22.3 22.3 2.7 43.5
12 1993 23.1 19.0 2.9 45.0
13 1994 23.8 19.5 3.1 46.4
14 1995 24.6 20.0 3.2 47.9
15 1996 24.8 20.2 3.3 48.3

16 1997 25.1 20.4 3.3 48.8
17 1998 25.3 20.6 3.3 49.3
18 1999 25.6 20.8 3.4 49.8
19 2000 25.8 21.0 3.4 50.3
20 2001 26.1 21.3 3.4 50.8

1 / Costs  are  in  constant  1982 do l lars .
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as a  funct ion o f  the p lants ' capacities and are independent of the
ind iv idua l  p lants '  p roduct ion leve ls ;  there fore ,  such investment  costs  are
f ixed compliance costs as long as the plants are in operat ion. 36/ Annual
costs, on the other hand, are dependent on production levels and as such,
they vary  wi th  the p lant ‘s  product ion leve l .

In  the fo l lowing analys is , the private sector real resource costs for
compliance are reported on a cash flow basis; therefore, the investment

 costs are recorded during the year the resources are committed, i .e.,  the
f i rs t  year  o f  the investment . Full compliance is achieved by Year 4, and
for  the two years  pr ior  to  fu l l  compl iance,  i t  i s  assumed that  one- th i rd  o f
the firms would comply per year. In addit ion, the calculat ions are based
on a 1 percent growth rate in output at a stat ionary price.

2. Deadweight Welfare Loss

As discussed in the previous sect ion, a given regulat ion may result in
society foregoing consumption of some of the goods and services affected by
regu la t i on . This effect (shown in the previous section as- the decrease in
each industry's output result ing from the incremental pr ice increase) is
defined as the deadweight welfare loss and represents the net reduction in
consumers' and producers' surpluses which are not accounted for in the
pr iva te  sector  rea l  resource costs .  37/ Conceptua l ly ,  th is  loss is  a
measure of consumer wi l l ingness-to-pay for the lost output less producer
p re - regu la t i on  cos t s .  I n  p rac t i ce , this loss is measured by the area
between the demand function and the industry's pre-regulation supply curve
over the range of output lost due to regulat ion. For the present case
study, the areas representing the deadweight welfare loss in each industry
are shown graphical ly in Figure 3, and the data used to calculate the
values of these areas are presented in Table 15. (Such data wi l l  not
always be avai lable to calculate actual industry deadweight welfare loss
with a high degree of precision.)

The ca lcu la t ion for  Indust ry  A is  ra ther  s t ra ight forward s ince the indust ry
supply  funct ion is  hor izonta l . The deadweight welfare loss is composed
tota l ly  o f  losses in  consumer  surp lus  ( i .e . , there is no excess prof i t)  and
is  re f lec ted in  the fo l lowing equat ion:

36/ The analysis of plant closures in the economic impact sect ion of this
case study determined that no plants will shut down as a result of the
regu la t i on ; consequently, the private sector real resource costs
include the total  compliance investment costs for al l  plants. In the
event a plant had been projected to close, the private sector real
resource costs would have decreased by an amount equal to the plant's
investment costs in addit ion to the decrease in annual costs result ing
from the reduced output. (See the water case study following this
present case for an example of this type of analysis.)

37/ The total loss in consumers' and producers'  surpluses due to
regulat ion is measured as the sum of the private sector 's real
resource cost and the deadweight welfare loss.
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D W L  =  (Pj-1 -  Pj) X  (Qj-1 -Qj)
: 2

where:

(20)

DWLj = deadweight welfare loss in year j

P = equi l ib r ium pr ice,

Q = equi l ibr ium quant i ty ,  and

j = year (1, 2, 3, . . . 20)

The calculat ions for Industry B are more complicated because the total loss
is composed of reductions in both consumer and producer surpluses.
However, the calculat ion can be simpli f ied and made similar to that of. .
Industry A by assuming (1) that the demand and supply functions are linear,
and (2)  that  the area represent ing the deadweight  wel fare  loss is
approximately equal to one half of the area bounded by the pre-regulation 
pr ice,  the pre- regu la t ion pr ice p lus  compl iance costs ,  and the pre-  and 
post - regu la t ion outputs . Consequently, the deadweight welfare loss is
calculated by multiplying the incremental compliance costs by the reduction 
in output and dividing the total by two.

There is no deadweight welfare loss in Industry C because no change occurs
in  the output  leve l . In  th is  case,  a l l  losses are  re f lec ted in  the pr iva te
real resource costs.

Estimates of the deadweight welfare losses result ing from the Pol lutant X
air regulat ion for years one to twenty are presented in Table 17. Losses
in Years 2 and 3 are based on the assumption that one-third of the firms
come into compliance in each year. Therefore, the loss in Year 4
represents the deadweight welfare loss result ing from 100 percent
compliance.

3. Government Regulatory Costs

The costs incurred by government to implement and enforce regulations have
been t rad i t iona l ly  est imated ( though not  formal ly  in tegrated)  in  regula tory
analyses. These costs represent a use of resources direct ly related to a
regulatory action and they are, therefore ,  a  par t  o f  the cost  to  soc ie ty
that should be included in regulatory impact analyses.

The principal government costs are those related to the fol lowing
a c t i v i t i e s : (1)  permi t t ing,  (2)  moni tor ing and repor t ing,  (3)  enforcement ,
a n d  ( 4 )  l i t i g a t i o n . The procedures for estimating these costs are not well
de f i ned  i n  pub l i shed  l i t e ra tu re . Various government agencies and offices
have est imated these costs, however, in developing their regulatory
budgets.
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Table 17. Deadweight welfare loss of the proposed Pollutant X
ai r  po l lu t ion contro l  regulat ion by indust ry  and year

Year
Industry

A B C Total

- - - - - - - - - - - - - - ($ thousand) 1/-------------------

1 1982 0 0 0 0
2 1983 31.9 14.0 0 45.9
3 1984 63.7 28.0 0 91.8
4 1985 95.6 42.0 137.6
5 1986 95.6 42.0

0
137.6

6 1987 95.6 42.0 0 137.6
7 1988 95.6 42.0 0 137.6
8 1989 95.6 42.0 0 137.6
9 1990 95.6 42.0 0 137.6

10 1991 95.6 42.0 0 137.6

11 1992 95.6 42.0 0 137.6
12 1993 95.6 42.0 0 137.6
13 1994 95.6 42.0 0 137.6
14 1995 95.6 42.0 0 137.6
15 1996 95.6 42.0 0 137.6

16 1997 95.6 42.0 0 137.6
17 1998 95.6 42.0 0 137.6
18 1999 95.6 42.0 0 137.6
19 2000 95.6 42.0 0 137.6
20 2001 95.6 42.0 0 137.6

1 / Costs are in constant 1982 dol lars.
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Accurately est imating government costs would also require al locating the
regulatory responsibi l i t ies and costs among federal,  state and local
government levels. The required resources at each of these levels, is
dependent on the specif ic regulatory act ion and the projected roles of each
level of government.

For the purpose of this case study, a hypothetical summary of government
costs for one year is shown in Table 18, and the hypothetical government
costs for the 20-year t ime horizon are shown in Table 19. Specif ic EPA
procedures for est imating the types of costs presented are often
unavai lab le . In their absence, the "best judgment" of Agency budget
planners may be uti l ized.

Some of the functions that should be considered when estimating each of the
principal types of government regulatory costs are the fol lowing:

Type of Cost

Permi t t ing

Monitoring and
repor t ing

Enforcement

L i t i g a t i o n Case load (projected)
Level of enforcement

Each type of cost should be estimated as a funct ion of variables that are

Factors Affect ing Cost

Sta f f  t ime (admin is t ra t ive ,
technical and clerical) 
Computer time
Number of permits processed

Number of sites
Type of monitoring
Reporting burden and processing
time

Sta f f  t ime
Number of sites
Degree of complexity of
regula t ion
Level of enforcement

related direct ly to the projected growth in emissions and compliance
assumptions.

4. Adjustment Costs

One of the possible consequences of a regulatory act ion is that reductions
in output induced by the regulat ion wil l  displace resources through such
effects as plant closures and job losses. Al though theoret ica l ly  these
resources wil l  be re-employed in the long run and society wil l  incur only
temporary costs, r ea l i s t i ca l l y  speak ing ,  ma rke t  impe r fec t i ons  ( i . e . ,
variat ions from the theoret ical assumptions of perfect competi t ion) may
prevent re-employment of some resources even in the long run. Therefore,
adjustment costs should include: (1) the value of the resources temporari ly
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Table 18. Government regulatory costs 1/ of the proposed Pollutant x
a i r  po l lu t ion cont ro l  regu la t ion in  Year  Two

Government
A c t i v i t y Federal

Government Level
State Local Total

- - - - - - - - - - - - - - - - - - - - - - - ( $ )- - - - - - - - - - - - - - - - - - - - - - - - -

Permi t t ing 100,000 100,000 - - - 200,000

Monitoring 10,000 70,000 20,000 100,000

Enforcement 12,500 2,500

152,500 220,000 27,500

30,000 15,000 5 ,000 5 0 , 0 0 0  

35,000 50,000 

L i t i g a t i o n  

Total 400,000 

1/ Costs are in constant 1982 dol lars.
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Table 19. Government regulatory cost of the proposed Pollutant X
ai r  po l lu t ion contro l  regulat ion by year

Y e a r Total Cost 1/

($ thousand) 

 1 1982 0
2 1983 400.0
3 1984 550.0
4 1985 700.0
5 1986 502.0

6 1987 502.0
7 1988 502.0
8 1989 442.0
9 1990 432.0

10 1991 324.0

11 1992 314.0
12 1993 404.0
13 1994 329.0
14 1995 319.0
15 1996 211.0

17
16

18
19
20

1997 201.0
1998 291.0
1999 256.0
2000 246.0
2001 138.0

1 / Costs are in constant 1982 dol lars.
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unemployed, (2) the costs of relocating the displaced resources, (3) the
administrat ive costs for transfer payment programs, (4) the welfare loss or
ga in  resu l t ing f rom the red is t r ibut ion o f  resources,  and (5)  the va lue o f
resources permanently unemployed.

General ly, est imates of such costs are based upon the type of distr ibu-
t ional impacts assessed in the economic impact sect ion of this report;
however, it is not always known whether or not displaced resources will
become unemployed or underemployed in the long run. When such quantifiable
data are unavai lable, such costs should be discussed qual i tat ively.

The economic impact section of this case study indicated that no plant
closures would occur and that the resultant industry unemployment would be
m i n i m a l . Therefore, in this case, no adjustment costs occur. For an
example of the procedures followed when adjustment costs do occur as a
resu l t  o f  regu la tory  compl iance,  see the water  po l lu t ion cont ro l  regu la t ion
case study in the latter sect ion of this Appendix.
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E. E c o n o m i c  I m p a c t s

This sect ion of the RIA addresses the equity impacts of the regulat ion in
quest ion in  cont ras t  to  the e f f ic iency impacts  o f  the regu la t ion that  were
considered in the preceding benefits and costs analyses. In general, any 
regu la t ion that  resu l ts  in  h igher  product ion- re la ted costs  (e .g . ,  those
related to the addit ion of pol lut ion abatement technology by manufacturing
plants) without comparably improving the affected plants'  operat ing
efficiencies will show measurable economic impacts. Such equity impacts
measure the proport ionate distr ibut ion of the regulatory-induced costs and
benefits among consumers, producers, and government. In considering such
impacts, the Agency's principal emphasis should include the fol lowing
measures of effects: f inanc ia l ,  pr ice,  product ion,  employment ,  indust ry
prof i tab i l i ty ,  and communi ty  e f fec ts . Addi t iona l ly ,  when appl icab le ,  the
balance of  t rade,  energy use,  product iv i ty , and in tergenerat iona l  e f fec ts
should also be assessed.

Ideal ly ,  the economic impacts  o f  regu la t ions would be determined by
es t ima t i ng ,  i nd i v i dua l l y  and  - co l l ec t i ve l y ,  t he  comp l i ance  behav io r  o f  
plants and the associated impacts of their pol lut ion abatement pract ices. 
Since such a plant-by-plant approach is seldom feasible, a. frequently used 
a l ternat ive  is  to  es t imate  the economic  pro f i les  for  representat ive  or
model plants (e.g.,  by process, size and/or age) and wil l  use such prof i les
to est imate appl icable f inancial impacts with and without the proposed
regu la t i on . These microeconomic effects may subsequently be extended to
est imate macroeconomic effects and industry-wide behavior, including those
re la ted to  pr ice  and product ion e f fec ts .

The aggregate industry characterist ics and pol lut ion control costs
estimated for this case study were summarized in Section D. The economic
impacts summarized in the present sect ion apply to representat ive f i rms
(model  p lants)  w i th in  each o f  the a f fec ted indust r ies  and re f lec t  the i r
expected market behaviors with the proposed regulation.

1. F inanc ia l  Ef fec ts

The economic  v iab i l i ty  o f  f i rms both  wi th  and wi thout  po l lu t ion cont ro ls  is
re f lec ted through var ious f inanc ia l  ind icators  such as the fo l lowing:

Af ter - tax  re turn  on sa les
Af ter - tax  re turn  on to ta l  assets
Annual cash flow
Net present value.

Analysts , using model plant f inancial prof i les and appropriate assumptions
f o r  i n f l a t i o n ,  d e p r e c i a t i o n , and reinvestment, can measure such indicators
for a designated period of analysis, e.g.,  20 years. Then, to assess the
f inancial effects of regulatory control costs, such measures should be made
for a (1) basel ine case (without the regulat ion) and (2) for each
regulatory  opt ion. The dif ferences in the f inancial indicators between
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the baseline and each regulatory option wil l  then show the key f inancial
e f fec ts  o f  the regu la t ion. Year- to-year  var ia t ion in  the f inanc ia l
measures will occur when yearly costs, revenues, reinvestments, and
pollut ion control expenditures are forecast, but these variat ions may be
compensated for by computing the average measures over the period of
analys is . F ina l ly ,  the f inanc ia l  v iab i l i ty  o f  the model  f i rms at  the end
of the period of analysis should be est imated in order to ref lect the
long-term effects of regulat ion as opposed to the intermediate or
short-term effects that may occur because of uneven pol lut ion control costs
or reinvestments.

An i l lustrat ion of the types of f inancial data that may be developed for
model plants is shown in Table 20. Three model plant sizes are shown for
both Indust ry  A and Indust ry  B;  two model  p lants- - re f lec t ing d i f ferent
processes--are shown for  the Indust ry  C.  A l l  model  p lants '  f inanc ia l
p ro f i l es  a re  i l l u s t r a ted  unde r  base l i ne  cond i t i ons .  Each  o f  t he  mode l s  i s
economical ly viable in the indicated base period (Year 0); for example, the
af ter - tax  re turns on sa les  are  a l l  pos i t ive , ranging from 4.4 to 4.9 per
cent  in  Indust ry  A,  f rom 4.2  to  4 .5  percent  in  Indust ry  B,and f rom 6.3  to .
6.5 percent in Industry C. Other  f inanc ia l  character is t ics  shown in
Table 20 include revenues, costs, pre-tax income, and cash f lows. To aid
in comparing these various f inancial prof i les within an industry, each
financial measure is also expressed as a percent of the estimated annual
revenue (sales).

Addit ional f inancial prof i le data are required to compute both the
after-tax return on total assets and the net present value of projected
operat ions. In  genera l ,  the fo l lowing types of  f inanc ia l  data  are
preferred for these analyses:

Total assets = Fixed assets + Current assets

Net  work ing cap i ta l  =  Current  assets  -  Current  l iab i l i t ies

Total invested capital = Fixed assets + Net working capital

Salvage value = Net working capital + Fixed assets times a salvage
f a c t o r .

These types of data change year-by-year for an on-going plant; hence, a
generally recommended analytical approach is to simulate (with a cash flow
analysis) the operation of each model plant over the study's period of
analys is . This dynamic simulation procedure can be conducted for each
model plant both for the without-regulat ion case (basel ine) and the with
regulat ion case. Net present value analysis may then be conducted to
compare the two cases in order to assess the financial and economic effects
of regulatory compliance costs.

Se lected f inanc ia l  e f fec ts  o f  the proposed po l lu t ion cont ro ls  are
i l lustrated below for each of the model plant sizes in Industr ies A, B
and C. Table 21 summarizes the investment and the annual operating and
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Table 20. Financia l  prof i les for  representat ive p lants in  hypothet ica l  Industr ies A,B and C,  basel ine (Year  0)
(1982 constant  do l lars)

Item
Small

Industry A I n d u s t r y  B  Industry C
Medium

$1,000 % $1,000 %

REVENUE (sa les) 1,500 100.0 3,500 100.0 5,000 100.0 3,300 100.0 7,500 100.0 12.400 100.0 39.500 100.0 46,750 100.0

COST
Raw Material 720 40.0 1,650 47.2 2 ,300 46.0 1,500 45.5 3,375 45.0 5,530 44.6 18,950 48.0 23,850 51.0
Labor 300 20.0 680 19.4 950 19.0 460 13.9 1,010 13.5 1,610 13.0 7,900 20.0 8,400 18 . 0
Other 1/
TOTAL

GROSS EARNINGS 220 14.7 505 14.4 800 16.0 450 13.6 900 12.0 1,650 13.3 6,000 15.2 7,950 17.0

LESS
Depreciat ion 70 4.7 150 4.3 225 4.5 150 4.5 250 3.3 500 4 . 0 500 1.3 750 1.6
I n t e r e s t 50 3.3 105 3.0 180 3.6 60 1.8 100 1.3 200 1.6 900 2.3 1,575 3.4

PRE-TAX INCOME 100 6.7 250 7.1 395 7.9 240 7.3 550 7.3 950 7.7 4,600 11.6 5,625 12.0

INCOME TAX 27 1.8 96 2.7 162 3.2 91 2.8 234 3.1 418 3.4 2,097 5.3 2,568 5.5

AFTER-TAX INCOME. 73 4.9 154 4.4 233 4.7 149 4.5 316 4.2 532 4.3 2,503 6.3 3,057 6.5

CASH FLOW 143 9.5 304 8.7 458 9.2 299 9.1 566 2.5 1,150 9.3 3,033 7.6 3,807 8.1

1 / Other  inc ludes insurance,  taxes (non- income),  se l l ing,  admin is t rat ive, and other operating and Maintenance costs.



Table 21. Summary of model plant pollution control costs
for  Indust r ies  A,  B and C

Industry/Model

Number
o f

p lants
Pol lu t ion cont ro l  costs  1 /

Investment O&M

- - - - - - - - - - ( $ 0 0 0 ) - - - - - - - - - - - -

Industry A
Small
Medium
Large

60 200 80
50 400 150
20 510 210

Industry B 
Small 25 250 130 
M e d i u m 23 420  220
Large 18 730 300

Industry C
Process 1 5 1,500 225
Process 2 3 1,750 275

1 / Costs are in 1982 constant dol lars.
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maintenance costs for each industry's model plants in contrast to the
aggregate or average industry costs presented in Section D above. T h e  
financial effects on each model were based upon a discounted cash flow
analysis for a simulated 20-year operating period. A  sens i t i v i t y  ana l ys i s
based upon either plus or minus 10 percent changes in pollution control
investment and operat ing and maintenance costs is also i l lustrated.

a. Return on sales

The model plants' projected 20-year average returns on sales (ROS) with and
without the proposed regulation are shown in Table 22. For example,
Industry A's small  plant is projected to have an after-tax ROS of 3.3
percent with pol lut ion controls compared to i ts 6.6 percent without
con t ro l s . Results for the other model plants are shown in the table.

Assuming no price increases, all model plants will show decreasing ROS
resu l t s  f o l l ow ing  po l l u t i on  con t ro l s ; however, new market equilibrium

 p r i ces  may  pa r t i a l l y  o r  f u l l y  o f f - se t  t h i s  i n i t i a l  ROS e f f ec t .  Because  no
price changes are included in this port ion of the analysis these ROS

 effects are worst-case est imates for each of the model plants;

b . Return on total assets

 Because total assets are higher with pol lut ion controls and revenues
(pr ices)  are  in i t ia l ly  he ld  constant ,  the re turn  on to ta l  assets  (ROTA)
wil l  also decrease in the pol lut ion control as opposed to the basel ine
case. The ROTA financial effects of the proposed regulation for each of
the model plants are also shown in Table 22.

For example, the Industry A small model plant has an estimated 12.4 percent
ROTA with pollution controls compared to 23.6 percent in the baseline case.
The estimated ROTA varies during the period of analysis and the values
shown are those 20-year averages that ref lect the general,  long-term
f inanc ia l  e f fec t  o f  the proposed regu la t ion.  (A l though to ta l  assets  are
not shown here, they may be derived for each model plant from the reported
sales and the ROTA estimates data.)

c . Annual cash flows

The annual cash f low is equal to the after-tax prof i ts (net income) plus
deprec ia t ion. Positive cash flows were forecast for each of the models
throughout the period of analysis. A comparison of the 20th-year cash flow
estimates, with and without the pol lut ion controls, for each of the model
p lants  genera l ly  ind icates th is  f inanc ia l  e f fec t .  These cash f low
estimates are summarized in Table 22. For example, the 20th-year cash
flows for the Industry A small model are estimated as $461,000 in the
baseline case and as $302,000 under the proposed requlation. Similar cash
f low est imates for  a l l  o f  th is  s tudy 's  model  p lants  are  inc luded in  the
tab le .
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Table 22. Selected model plant f inancial effects of the proposed pol lut ion controls compared to
base l ine condi t ions for  Indust r ies  A, B and C, 20-year discounted cash flow analysis 1/

F inanc ia l  e f fec t
Industry A Industry B Industry C

Small Medium Large Small Medium Large Process 1 Process 2

Return on sales (%)
Basel ine
W i t h  c o n t r o l s

6.6
3.3

Return on total assets (%)
Basel ine 23.6
W i t h  c o n t r o l s 12.4

Annual cash flow ($000)
Basel ine 461
W i t h  c o n t r o l s 302

Net present value ($000)
Basel ine 601
W i t h  c o n t r o l s 94

6.2 6.7
3.7  4 . 3

22.4 23.9 31.4 33 .7 31.7 44.2 65.5
13.4 15.4 20.1 23.4 23.9 41.6 62.3

1,039 1,624 942 1,873 3,411 14,527 23,910
740 1,207 684 1,437 2,814 14,082 23,367

1,180 2,255 1,071 2 , 6 8 3 2,927 27,535 5 4 , 6 2 3  -
231 927 249 1,292 1,029 26,338 53,147

6.3 5 . 5
4.1 3.9

6.0 8.7 12.2
4.6 8.3 11.8

1 / Results displayed represent a "worst case" assumption (that no costs are passed through to prices);
moreover, resu l ts  are  20-year  averages,  i .e . , year-by-year DCF results are not displayed.



d. Net present value

The sum of the present values of the cash flows (after-tax income plus
deprec ia t ion)  over  the per iod o f  ana lys is  ( inc lud ing the sa lvage va lue of
the p lant  in  the f ina l  per iod)  ind icates the net  present  va lue (NPV) o f  the
p lant  to  the equ i ty  ho lders  in  excess o f  (or  be low)  the f i rm's  cost  o f
c a p i t a l ,  i . e . , the discount rate.

A posit ive NPV for the period of analysis indicates that the equity holders
are earning a return which is greater than the model 's cost of capital ;
conversely, a negative-NPV would indicate that the equity holders are
earn ing less  than the cost  o f  cap i ta l . I n  t h i s  l a t t e r  case ,  t he  equ i t y
ho lders  would  presumably  be bet ter  o f f  l iqu idat ing the f i rm,  rea l iz ing the
salvage value in cash, and re invest ing i t  in  o ther  oppor tun i t ies  that
re tu rn  a t  l eas t  t he  f i rm ' s  ( o r  i ndus t r y ' s )  cos t  o f  cap i t a l .

NPV's may be computed for each year of an analysis; the 20th-year NPV's
ind icate  whether  the p lant  w i l l  main ta in  i ts  economic  v iab i l i ty  in  the
re la t i ve l y  l ong - run . Us ing a  cost  o f  cap i ta l  (a f ter - tax  d iscount  ra te)  o f .
11.0 percent, the 20th year NPV's for each of the model plants are as shown
in Table 22. Again ,  for  the Indust ry  A smal l  p lant ,  the NPV's  wi th  and 
without the proposed regulat ion are $94,000 and $601,000, respectively.
The posit ive NPV in the pol lut ion control case indicates that the model is
viable and that i t  wi l l  have returns in excess of the est imated cost of
c a p i t a l .

2. Pr ice  Ef fec ts

An in i t ia l  ind icator  o f  the expected pr ice e f fec t  o f  h igher  po l lu t ion
cont ro l  costs  is  the requ i red pr ice increase by a  f i rm to  main ta in  i ts
p r o f i t a b i l i t y  a t  t h e  p r e - c o n t r o l  l e v e l . To est imate the ab i l i ty  o f  f i rms
to ful ly pass through such required price increases involves a market
analysis of current and future supply and demand conditions. ( I l l u s t r a t i v e
summary analyses for Industries A, B and C were presented in Section D.)

If discounted cash flow procedures are used to estimate present values of
po l l u t i on  con t ro l  cos t s  ( i . e . , investment plus operat ing costs less tax
savings), then the fol lowing formula wil l  approximate the required price
increase (RPI):

(PVC)(100)
RP1 = (1-t)(PVR)

where

PVC = present value of pol lut ion control costs

PVR = present value of gross revenue beginning in the year that
pol lut ion controls are imposed

t = average tax rate.
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Each model plant wi l l  have a dif ferent required price increase level to
m a i n t a i n  p r o f i t a b i l i t y , and  t he  ab i l i t y  o f  f i rms  to  rea l i ze  h ighe r  p r i ces
is dependent upon industry supply and demand price elasticities and upon
competi t ive market condit ions.

For each of the present study's model plants, the fol lowing required price
increases were estimated based upon the above formula. As shown, ranges of
requ i red pr ice increases were a lso determined to  i l lus t ra te  the sens i t iv i ty
o f  t h i s  measu re  t o  a l t e rna te  po l l u t i on  con t ro l  cos t  l eve l s ,  i . e . ,  ~10
percent from the original est imates.

Industry/Model

Required price increase
wi th  regu la t ion (%)*

-10% PCC Target PCC +10% PCC

Industry A:
Small
Medium

Large

3.5 3.8 4.2
2.9 3.2 3.5

2.7 3.0 3.3

Industry B:
Small 2.2 2.5 '2 .7
Medium 1.6 1.8 2.0
Large 1.5 1.7 1.9

Industry C
Process 1
Process 2

0 . 7
0 . 7

0.8 0.9
0.8 0.9

* Pol lut ion control costs ( investment and operat ing and maintenance)
were var ied f rom the i r  in i t ia l  leve ls  ( target  PCC) by p lus and
minus 10 percent.

While these required price increases would permit each model plant to
m a i n t a i n  i t s  p r e - c o n t r o l  p r o f i t a b i l i t y  l e v e l , various economic constraints
( e . g . , a v a i l a b i l i t y  o f  s u b s t i t u t e s , in ternat iona l  compet i t ion)  may l imi t
the pass-through of the pol lut ion control costs to consumers. Also, the
large model plants, wi th  re la t ive ly  lower  requi red pr ice increases,  may
l imi t  the i r  pr ice  increases to  main ta in  or  enhance the i r  compet i t ive
pos i t ion  v is -a-v is  o ther  p lants  or  o ther  sources o f  compet i t ion .
Furthermore, as the marginal costs of production increase at individual
p l an t  l eve l s , aggregate supply  for  the indust ry  wi l l  sh i f t -upward. The
resultant macroeconomic effect wi l l  be a new market equi l ibr ium result ing
from the aggregate supply shif t--a new, lower output level (quanti ty
demanded) and a downward price adjustment that are both dependent upon
demand and supply price elast ici t ies.

Addit ional industry-level analysis (as summarized in Section D) predicted
that the market price-effects of the proposed regulat ion would be the
fo l l ow ing :
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Industry A -- 3.3% price increase
Industry B -- 0.9% price increase
Industry C -- 0.8% price increase

These pr ice  increases wi l l  a t  least  par t ia l ly  o f fse t  the h igher  costs  o f
product ion resu l t ing  f rom the add i t ive  costs  o f  po l lu t ion cont ro ls .  The
economic viabi l i ty of the model plants can also be re-assessed, i f
necessary, to measure the effects of these predicted price increases rather
than the analysis merely considering only the worst-case effects without
price increases. However, because the NPV analysis indicated that even in
the absence of price increases no plant closures were l ikely in any of the
th ree  i ndus t r i es , a further economic viabi l i ty assessment is not mandatory
( t hough  i t  i s  des i r ab le ) . The net price effect on each model would be the
difference between the previously required price increase for each
industry's model plants and the above predicted industry-level price
increases.

3. Product ion Effects

In order to assess the effects of regulatory costs on production, total
indust ry  product ion should  be est imated annual ly  for  the per iod of
analys is --again under baseline and regulatory condit ions. H i s to r i ca l  da ta
may often be ut i l ized to indicate production trend relat ionships and to
assess cyc l ica l  or  o ther  pat terns o f  growth,  and indust r ia l  out look repor ts
and a specif ic industry's growth prospects relat ive to aggregate
ind icators ,  e .g . ,  GNP forecasts , can be ut i l ized to project these
relat ionships for model f i rms vis-a-vis the industry and the general
economy. In some industries, baseline plant closures can be expected
regardless of the costs of added regulatory requirements; consequently,
such expectations should be included in the baseline.

Production levels for an industry may increase while, concurrently, plant
closures occur i f  other exist ing f irms expand production or new plants are
b u i l t . Such estimates must be taken into account to simulate model plant
operation over the period of analysis, for any factors that change expected
ut i l i za t ion ra tes  wi l l  a f fec t  un i t  costs  and to ta l  sa les  revenues.
Reasons for plant closures unrelated to the imposit ion of regulat ions are
numerous and include the following:

increased production of subst i tutes,
increased in ternat iona l  compet i t ion,
higher per-unit  costs of production in some plants, e.g.,
uneconomic small plant costs,
obsolescence of process technology,
l o w e r  p e r - u n i t  p r o f i t ,  a n d
owner retirement.

Careful assessments of plant closures under both baseline conditions and
under the proposed regulation are needed to estimate the net effect of
regulat ion on plant closures and production.
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For this case study, no plant closures are forecast, but each industry is
expected to experience a market equi l ibr ium adjustment, i .e.,  an upward 
sh i f t  in  the indust ry 's  supply  funct ion f rom the pre- regula t ion leve l  w i th
a consequent change in the equi l ibr ium price and quanti ty. Normally, the
new price will be hiqher and the quantity demanded (for a given time
per iod)  wi l l  be lower .  Both supply  and
c r i t i ca l  f o r  es t ima t i ng  t hese  e f f ec t s .

demand price elast ici t ies are

As prev ious ly  i l lus t ra ted in  Sect ion D, the fo l lowing re la t ive  pr ice and
quanti ty market equi l ibr ium adjustments were forecast:

Industry

Supply
pr ice

e l a s t i c i t y

Demand
p r i ce Price Quantity

e l a s t i c i t y e f f e c t e f f e c t

A I n f i n i t e - . 48 +3.3% -1.6%
B +.98 -1.10 +0.9% -0.9%
C +1.30 0 +0.84; 0

The production effects of a proposed regulat ion are the indicated relat ive 
reductions in quanti t ies demanded at the‘projected higher prices. These
aggregate adjustments are to be distributed among all plants in each
respect ive indust ry , although precise est imates of such distr ibut ional
e f fec ts  cou ld  not  be prov ided in  th is  ana lys is . Presumably, the plants
with comparatively high marginal costs wi l l  reduce output relat ively more
in  the shor t - run,  a l though insuf f ic ient  data  are  ava i lab le  to  s imula te  each
model  p lant 's  marg ina l  cost  re la t ionsh ips .

4. Employment Effects

Both favorable and unfavorable employment effects may occur when pollution
abatement regulations are imposed. Favorable effects include short-term
construct ion employment to instal l  pol lut ion-related equipment or
structures and the additional personnel that may be hired to operate and
ma in ta i n  t he  po l l u t i on  con t ro l  f ac i l i t i e s . In  cont ras t , i f  a net increase
in  p lant  c losures (above base l ine)  is  a t t r ibutab le  to  she regu la t ion,
p lant - re la ted employment  losses wi l l  resu l t .  Est imates should  be made of  
such employment losses and of alternative employment opportunities
requi r ing comparable  sk i l l  leve ls . A minimum expected effect is that
short-term transit ion costs wi l l  be incurred by employees affected by
product ion cur ta i lments  or  p lant  c los ings.

Where a more extensive assessment of employment impacts is necessary, an
estimate of secondary employment effects must be made. Because employment
by suppl iers of raw materials and by service industr ies can be affected i f
substantial  job dislocation occurs in an affected area, al l  such employment
should-be projected. (Employment effects, both  d i rec t  and ind i rec t ,  are
also instrumental in assessing community effects as below.) Furthermore,
employment effects over t ime must be considered in determining ult imate
regula tory  costs  to  soc ie ty .
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Two types of posit ive employment effects are projected for this case study.
First, short-term construction employment of 338, 192 and 102 work years 
for  Indust r ies  A,  B and C,  respect ive ly ,  are  pro jected for  ins ta l l ing the
pol lu t ion cont ro ls  in  ex is t ing and new p lants .  Second,  add i t iona l
long-term personnel are required to operate and maintain the pol lut ion
control equipment -- 150 in Industry A (1 employee in each small and
medium, and 2 in each large plant), 125 in Industry B (1 employee in each
small, 2 in each medium and 3 in each large plant), and 32 in Industry C (4
employees in each plant). No employment losses are projected to result
from the sl ightly lower production levels in the short-term because
long- term growth in  each of  the indust r ies  wi l l  re la t ive ly  qu ick ly  o f fset
the projected production losses.

Secondary positive employment effects are expected to be negligible because
purchases of raw materials and other inputs will not change markedly.
Also, the levels of purchases of pol lut ion control equipment by these
industr ies are assumed to be avai lable through exist ing sources without
requir ing an expansion in the pol lut ion control equipment industry.
Final ly, al though minor increase's in demand wil l  occur for substi tute
products  f rom indust r ies  that  do not  generat ion Pol lu tant  X,  no s ign i f icant  
quanti ty effects on the demand for Industr ies A, B, and C's products are
pro jec ted.

5. Community Effects

The abi l i ty to adequately assess the community effects of regulatory costs
is highly dependent upon the analyst 's knowledge of the community sett ings
of the actual plants that wi l l  be affected by the proposed regulat ion.
Any adverse or favorable effects on particular communities cannot be
deduced from model plant analysis with a high degree of confidence. For
example, should a small-size model plant appear nonviable with pol lut ion
controls, further analysis should be conducted regarding the communit ies in
which such plants are located. In general, a small  plant closure in a
rural setting may have widespread community effects; the closure of a
s imi lar  p lant  in  a  large urban area may resu l t  in  re la t ive ly  minor
community effects following the transition of employees to other employment
oppor tun i t ies
unemployment,

--an exception could be an urban area already suffering high
as is the case in some Northeastern cities.

For the case study, no consequential community effects are forecast.

6. Trade Effects

Balance of trade effects are f i rst dependent upon the relat ive importance
of  the a f fec ted indust r ies '  products  in  in ternat iona l  impor t  and expor t
t rade. When such trade is sizeable, the competi t ive pr ice effects of the
pol lu t ion cont ro l  costs  should be carefu l ly  analyzed.  For  example,  the
probable effects of control costs on export ing f i rms i f  their economies of
size are important should be examined, for  f i rms invo lved in  in ternat iona l
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trade may experience less than average price effects because of size or
o ther  operat ing character is t ics . S imi lar ly ,  a  larger  share o f  the product
market may be gained by importers unless domestic firms remain competitive.

Frequent ly ,  prospect ive sh i f ts  in  the ba lance of  t rade are theoret ica l ly
des i rab le  in  terms of  e f f ic iency. However, if (and when) a comparative
advantage in domestic production were to shift to foreign producers because
of  nat iona l  d i f fe rences in  po l lu t ion abatement  regu la t ion and costs ,  th is
is  l ike ly  to  be an impor tant  publ ic  po l icy  concern.

For this part icular case study, the balance of trade effects are assumed to
be negl ig ib le . When applicable, however, a comprehensive analysis of
market  suppl ies ,  by  source,  is  c r i t i ca l . When, for instance, a sizeable
por t ion o f  an indust ry 's  supply  is  impor ted,  potent ia l  pr ice increases f rom
pollut ion controls may be restr icted to prevent a greater market share
accruing to importers. Of course, i f  exports are substantial ,  these sales
may not be sustainable under the price increases required for pol lut ion
con t ro l s . Generally speaking, a  marke t  supp l y -demand  ana l ys i s  i s  requ i red  
of both domestic and international markets to ascertain the probable
ba lance o f  t rade e f fec ts .

7. Other Effects

A l l  o the r  ma jo r  e f f ec t s  t ha t  r esu l t  d i r ec t l y  o r  i nd i rec t l y  f r om regu la to ry
actions should also be assessed; energy, productivi ty, and
in tergenerat iona l  e f fec ts  are  o f  par t icu lar  concern. Energy effects are a
conce rn  i f  po l l u t i on  con t ro l s  d i r ec t l y  o r  i nd i rec t l y  r equ i re  t ha t
substant ia l ly  increased energy suppl ies  be ut i l i zed per  un i t  o f  output .
Such increases would both offset some of the pollution abatement benefits
from controls and would contribute to higher demand and prices for energy
in  a l l  uses. This case study assumed that t the energy effects of the
proposed regulat ion are negligible.

Product iv i ty  e f fec ts  are  a  concern i f  regu la t ion substant ia l ly  increases
the cost  per  un i t  o f  output  e i ther  d i rect ly  or  ind i rect ly  through
restr ict ions on the use of preferred technological processes. In  e i t he r
case the choice of regulatory options wil l  be questioned. This case study
assumed that the firms' productivity was unaffected by the proposed
regula t ion.

Intergenerational effects should be described and qual i tat ively assessed
even though acceptable methods of quantifying these effects may be
presently unknown. Various types of " i r r e v e r s i b l e "  p o l l u t i o n - r e l a t e d
effects may occur--both as damages (e.g., to fragile environments and
ecosystems) and as barriers to industry entry caused by a too str ingent
regu la t i on . Various other health, aesthetic, material  and ecological
effects may be long-term and intergenerational. Although such effects may
not  be quant i f iab le  for  a  re la t ive ly  shor t  (e .g . ,  20-year)  per iod of
analysis, they should be described so that they may be quali tat ively
considered in the economic impact analysis. No i r revers ib le  e f fec ts  were
found to exist in the case study.
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F. Net Benefi ts Timestreams and Sensit ivi ty Analysis

1. Net Social Benefi ts

The total social benefi ts and total social costs streams for the 20-year
period of analysis as determined in Sections C and D are the basis for
es t imat ing net  soc ia l bene f i t s . For each period (year), the net social
benef i t  i s  der ived as fo l l ows :

NSBt = TSBt - T

where

SCt

NSBt = Net Social Benefits

TSBt = Total Social Benefi ts

TSCt =  T o t a l  S o c i a l  C o s t s

t = year t

A summary of each of these variables for the case study is presented in
Table 23. As shown, the NSB's are negative in the earl ier years, but they
are posit ive in subsequent years.

In order to judge whether the net social benefi ts stream for the proposed
regula t ion is  acceptab le  to  soc ie ty , the present values of the social
benefi ts and social costs (or just the Net Social Benefi ts) may be
calculated using a "soc ia l  d iscount  ra te . " Using a rate of 10 percent, as
specif ied by OMB, the present value of the Net Social Benefi ts for the
proposed Pol lu tant  X a i r  po l lu t ion cont ro l  regu la t ion is  583.7 mi l l ion.

Because this NSB present value is positive, the proposed regulation
achieves benefi ts that exceed costs ( including the t ime-value of costs and
bene f i t s  t o  soc ie t y ) . Each alternative should be examined to determine
whether greater NSB's can be achieved.

Another component of the net social benefi t  that is not "valued" in the
above analysis is the benefi ts accruing to human health, part icularly, the
projected number of l ives saved by the regulat ion. In Section C and as
discussed previously, an estimated 1,269 deaths will be avoided because of
the proposed regulat ion. Should there have been "excess costs" above the
expected quant i f iab le  benef i ts , an analysis could show the average excess
cost per death avoided as a further gauge in evaluating the regulat ion.
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2. Sens i t i v i t y  Ana l ys i s

The discount rate used in computing present values may be critical in
determining whether the present value of calculated NSB's is posit ive or
negative. This condit ion is true whenever an uneven distr ibut ion of
benefits and costs occurs so that NSB's are both negative and positive
dur ing the per iod of  analys is .

A summary of the present values of the total social benefi ts, total social
costs, and the net social benefi ts for the proposed regulat ion using
a l ternat ive  d iscount  ra tes  is  the fo l lowing:

6%
- - - - - - - - - millions of dollars--------

Present Value*
8% 10% 12%

Socia l  Benef i ts 644.8
Social Costs  499.3
Net Social Benefi ts 145.5

532.2 444.7 375.9
421.9 361.0 312.5
110.3 83.7 6 3 . 4

Before calculat ing present values, the costs and benefi ts were
expressed in constant 1982 dollars.

As indicated, the present values are posit ive; they do decrease, however,
as the discount rate is increased from 6 percent to 12 percent. At a
discount rate of approximately 30 percent, the present value of the net
social benefi ts would equal zero.

Throughout both the benefits and costs analyses (see Sections C and D),
ranges in the study's est imates were developed to ref lect uncertaint ies in
avai lable data or in the implementable analyt ic procedures. Each component
benefi t  and cost est imate may vary by dif fer ing degrees from the study's
primary or target est imate. However, these ranges of estimates may be
aggregated in the same manner as the primary estimates, yielding ranges in
the study's total benefi ts and total costs as summarized in Table 23.

Present values of the net social benefi ts for the proposed Pol lutant X air
po l lu t ion cont ro l  regula t ion wi l l  a lso vary  when e i ther  the under ly ing
benefi ts or costs change, and an important assessment is to show the
sens i t iv i ty  o f  net  soc ia l  benef i ts  re la t ive  to  changes in  e i ther  the
benef i ts  or  the  costs . Tab le  24  i l l u s t r a tes  t h i s  sens i t i v i t y  f o r  t he
fo l lowing two sets  o f  cond i t ions:

1. Maintain Total Social Benefi ts at the primary-est imate level
while varying the Total Social Costs from their low to high
levels. (Discount rate equal to 10 percent.)
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Table 23. Undiscounted to ta l  soc ia l  benef i ts ,  to ta l  soc ia l  costs  and net  soc ia l  benef i ts  fo r
the proposed Pollutant X air pol lut ion control,  regulation by year

Year
Tota l  soc ia l  benef i ts  1 / Tota l  soc ia l  cos ts  2 / Net  soc ia l  benef i ts  3 /

est imate Range Estimate Range Estimate Range

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - m i l l i o n s  o f  d o l l a r s - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 1982 0 0
2 1983 19.6 14.3-24.3
3 1984 37.5 27.7-46.0
4 1985 57.2 42.8-71.1
5 1986 59.3 44.2-73.8

0
(21.2) 4/
( 17 .3 )
( 1 0 . 5 )
1 7 . 6

6 1987
7 1988
8 1989
9 1990

10 1991

60.3 45.2-75.6 42.1 37.8-46.3 18.2 7.4-29.3
61.8 46.2-77.4 42.5 38.2-46.7 19.3 8.0-30.7
63.2 47.3-79.1 42.8 38.5-47.0 20.4 8.8-32.1
64.8 48.3-80.9 43.2 38.7-47.4 21.6 9.6-33.5
66.3 49.3-82.7 43.6 39.2-47.8 22.7 10.1-34.9

11 1992 68.0 50.5-84.8 44.0 40.1-48.9 23.2 10.4-35.9
12 1993 69.6 51.8-86.9 45.5 41.0-50.0 24.1 10.8-36.9
13 1994 71.3 53.0-89.1 46.9 42.0-51.1 24.4 11.0-38.0
14 1995 73.0 54.3-91.2 48.3 42.9-52.2 24.7 11.4-39.0
15 1996 74.6 55.5-93.3 48.7 43.8-53.3 25.9 11.7-40.0

16 1997 76.4 56.7-95.6 49.1 44.7-53.9 27.3 12.0-41.7
17 1998 78.3 57.8-97.8 49.7 45.6-54.5 28.6 12.2-43.3
18 1999 80.0 59.0-100.1 50.2 46.6-55.1 29.8 12.4-45.0
19 2000 81.7 60.1-102.3 50.7 47.5-55.7 31.0 12.6-46.6
20 2001 83.6 61.3-104.6 51.1 46.0-56.0 32.5 15.3-48.6

0
40.8
54.8
67.7
41.7

0
36.7-44.8
49.4-60.2
60.9-74.4
37.5-45.9

(22.4) - (20.46)
(21.7) - (14.2)
(18.1) - (3 .3)

6.7-27.9

1 /  In f la ted to  1982 do l lars  us ing the GNP Impl ic i t  Pr ice Def la tor .
2 /  I n  1982  do l l a r s .
3 /  Tota l  soc ia l  benef i ts  minus to ta l  soc ia l  cos ts .
4/ Numbers in parenthesis are negative. .



2. M a i n t a i n  T o t a l  S o c i a l  C o s t s  a t  t h e  p r i m a r y - e s t i m a t e  l e v e l  w h i l e
v a r y i n g  t h e  T o t a l  S o c i a l  B e n e f i t s  f r o m  t h e i r  l o w  t o  h i g h  l e v e l s .
( D i s c o u n t  r a t e  e q u a l  t o  1 0  p e r c e n t . )

For example, i f  t h e  h i g h  c o s t  e s t i m a t e s  a r e  e x p e r i e n c e d  w h i l e  b e n e f i t s
r e m a i n  a t  t h e  p r i m a r y - e s t i m a t e  l e v e l , t h e  n e t  s o c i a l  b e n e f i t s  w i l l  e q u a l
$ 4 8 . 2  m i l l i o n  v e r s u s  t h e  e s t i m a t e d  $ 8 3 . 7  m i l l i o n  w h e n  b o t h  b e n e f i t s  a n d
c o s t s  a r e  a t  t h e i r  p r i m a r y - e s t i m a t e  l e v e l s . Tab le  24  summar izes  the  o the r
c a s e s  i n c l u d e d  i n  t h e  a b o v e  s e t s  o f  c o n d i t i o n s .

T w o  a d d i t i o n a l  c a s e s  a r e  o f  g e n e r a l  i n t e r e s t :  n a m e l y ,  t h e  " b e s t "  a n d  t h e
" w o r s t "  c a s e s  a s  r e f l e c t e d  b y  t h e  c o r r e s p o n d i n g  n e t  s o c i a l  b e n e f i t s
e s t i m a t e s . T h e  " b e s t "  c a s e  i s  r e p r e s e n t e d  b y  h i g h  b e n e f i t s  a n d  l o w  c o s t s ,
w h e r e a s  t h e  " w o r s t "  c a s e  i s  r e p r e s e n t e d  b y  l o w  b e n e f i t s  a n d  h i g h  c o s t s .
T h e  p r e s e n t  v a l u e s  o f  t h e  n e t  s o c i a l  b e n e f i t s  ( a t  t h e  1 0  p e r c e n t  d i s c o u n t
r a t e )  f o r  t h e s e  t w o  e x t r e m e  c a s e s  a r e  t h e  f o l l o w i n g :

Case Presen t  Va lue Comment

" B e s t " 228.8 H i g h  b e n e f i t s ;  l o w  c o s t s  
"Worst" - 6 5 . 8 L o w  b e n e f i t s ;  h i g h  c o s t s

A l l  o t h e r  b e n e f i t - c o s t  c o m b i n a t i o n s  w i t h i n  t h e  r a n g e s  e s t i m a t e d  w i l l  h a v e
p r e s e n t  v a l u e s  b e t w e e n  t h e s e  e x t r e m e s  u s i n g  t h e  1 0  p e r c e n t  d i s c o u n t  r a t e .
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Table 24. Present values of net social benefi ts for selected
ranges in  to ta l  soc ia l  costs  and to ta l  soc ia l  benef i ts

for  the proposed Pol lu tant  X a i r  po l lu t ion cont ro l  regu la t ion

Sens i t i v i t y  cond i t i ons
Net  soc ia l  benef i ts

present value 1/

($  m i l l i on )

Social Benefi ts-Constant 2/

Social Costs - High 48.2
Social Costs - Moderate 83.7
Social Costs - Low 119.0

Social,Costs - Constant 2/

Social Benefi ts - High
Social Benefi ts - Moderate
Social Benefi ts - Low

193.6
83.7

-30.3

1 /

2 /

Al l  present values of net social benefi ts were calculated using a 10
percent discount rate.

Social benefi ts (and social costs) are held constant at the primary-
est imate (moderate) level whi le social costs (social benefi ts) range
from high to low as defined in Table 23.
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G. Cost-Effect iveness

Cost -e f fec t iveness (C/E)  ana lys is  is  an impor tant  ana ly t ica l  procedure for
evaluating management options that have a common objective (e.g.,
Pollutant X abatement) and that have costs expressible in comparable units.
( e . g . , annual ized do l lars) . A l though cost -e f fec t iveness ana lys is  is  not
fu l l y  s tanda rd i zed , the EPA's Office of Air Quality Planning and Standards
has included C/E analysis guidel ines in i ts report:  "Operating Procedures
and Analytical Methods Manuals" (September 1981). Analysts generally agree
on the concepts of C/E analysis; di f ferences exist,  however, in their use
of  termino logy and in  the i r  in terpreta t ion o f  d iscre te  (vs .  cont inuous)
empir ical results that measure average or incremental cost-effect iveness
rather  than marg ina l  cost -e f fec t iveness as is  theoret ica l ly  pre fer red.

Cost-effect iveness (C/E) is defined for this study as the annual ized cost
per  un i t  o f  Po l lu tant  X abated or  removed.  A lso,  as  is  theoret ica l ly
expected, when the degree of abatement (stringency of control) increases,
the cost per unit  of  abatement increases at an increasing rate, i .e.,  the
marginal C/E increases as the stringency level 'approaches the maximum.

Often, several technological and managerial opt ions exist for achieving
e i ther  a  pre-estab l ished abatement  leve l  or  for  cont ro l l ing po l lu tants
given a cost constraint. When neither the effect iveness-level (abatement)
nor the cost is restr icted, the role of C/E analysis becomes apparent--to
identi fy the least-cost set of al ternatives (management options) over a
range o f  e f fec t iveness- leve ls . (Note that further economic analysis, e.g.,
bene f i t - cos t  ana l ys i s , is required to est imate the preferred effect iveness
leve l  f rom the least -cost  C/E set ) . C/E analysis wi l l  show that those
regulatory options which are least-cost alternatives (and on the least-cost
envelope curve depicted in Figure 4) are preferable to those which contain
a l ternat ives  that  are  not  in  the least -cost  se t . Hence, various regulatory
alternatives may be appropriately excluded from additional study based upon
C/E analys is  resu l ts , and the remaining least-cost set of options may be
further analyzed to est imate the social ly optimum level of control.

Figure 4 depicts both the C/E analysis concepts defined in the preceding
discussion and the present study's hypothetical set of regulatory options
--namely ,  A l ternat ives A to  F.  In  F igure 4, the ver t ica l  ax is  represents
the annualized total cost for Pol lutant X abatement, and the horizontal
axis shows the degree of abatement (shown as total tons abated). The
dashed curve is the theoret ical ly-deduced marginal cost-effect iveness
curve. This curve is seldom empir ical ly derivable because underlying
technolog ica l  opt ions are near ly  a lways d iscrete  and f in i te . However,
regulatory Alternatives D, E and F represent the " least cost envelope
curve" because each of their cost and emissions abated values depicted in
Figure 4 show "dominance" of  e i ther  less  cost  or  greater  e f fec t iveness
v i s -a - v i s  a l l  o t he r  a l t e rna t i ves . Alternatives A, B and C are said to be
"inferior" because they are dominated by one or more of the least-cost C/E
set--D, E or F, as is explained further below.
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Figure 4. Cost-effect iveness of the proposed regulatory
alternative (D) compared to other selected alternatives
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Regulatory Alternative D was the proposed option in this study for which a
benef i t -cost  ana lys is  was i l lus t ra ted in  the preceding sect ions.  Us ing C/E
analysis only, Alternative D is shown in Figure 4 to be preferable to
Alternatives A, B and C: the cost and emissions abated values for these
a l ternat ives are  as  fo l lows:

Annualized Emissions
A l t e rna t i ve cost abated

($m i l l i on ) (1,000 tons)

A 71.3 165.0
B 86.0 175.0

C 103.0 183.2
D 71.3 183.2

Alternative D is said to "dominate" --to be more cost-effect ive than is each
of the other al ternatives because i ts cost is less than or equal to and i ts
amount of emissions abated is greater than or equal to those of the other
a l t e rna t i ves . Compared to Alternative A, D's total annual ized cost is
equ iva lent ,  but  i ts  abatement  e f fec t  is  greater .  A l ternat ive  B has both  a
higher cost and a less effect ive abatement level.  Alternative C has the
same abatement effect as D, but C is more costly. In  such s i tuat ions,
then,  the least -cost ,  most  e f fec t ive  a l te rnat ive  can be iso la ted.  No
fur ther  ana lys is  is  necessary  in  choos ing the prefer red a l ternat ive,  i .e . ,
A l ternat ive  D,  f rom th is  subset .

As Figure 4 shows, another graphic indicator of the "dominance" of an
alternat ive is the posit ion that i ts cost and abatement effect values have
on the graph-- those located above or left  of those of any given alternative
a re  i n fe r i o r  va lues . The dotted l ines from Alternative D in Figure 4
i l l u s t r a te  t h i s  concep t . (Note a lso that  A l ternat ive A is  in fer ior  to
Al ternat ive  E us ing th is  c r i te r ion. )  Cost -e f fec t iveness ra t ios  may be
computed to further indicate the preferred dominant alternative. For
example, the C/E ratio for D is $389 per ton, whereas those for A, B and C
are $432, $491 and $562 per ton, respectively. (These rat ios are
calculated simply as the total annualized costs divided by the tons abated
for  each a l ternat ive . Other ratios based on incremental costs from the
baseline cost and incremental abatement from the baseline abatement level
cou ld  a lso be ca lcu la ted to  prov ide s imi lar  re la t ionsh ips. )

Two
choice can be made among Alternatives D, E and F using on1y C/E analysis.
The f o l l o w i n g  d a t a  w i l l  i l l u s t r a t e  t h i s .

other alternatives, E and F, are also shown in Figure 4. No conclusive

Emissions
abated

(1,000 tons)
A l t e rna t i ve

Annualized
cost

$ m i l l i o n

D 71.3 183.2
 E 41.0 172.5

F 134.0 190.0
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Al ternat ive  E is  less  e f fec t ive  than D,  but  E costs  less .  Ana lys ts  must
know whether the marginal benefi ts of achieving the greater effect iveness
of D exceed its marginal costs. Similar ly, Alternative F costs more than
D and is also more effective; hence, analysts must again consider the
benef i ts  as  wel l  as  the costs  to  determine the pre fer red a l ternat ive .  Each
of these three alternatives maintains i ts dominance over the others because
i t  e i t he r  cos t s  l ess  o r  i t  i s  mo re  e f f ec t i ve . None can be said to be
inferior to the others and, thus, each alternative is a member of the
least-cost C/E set. Ca l cu la t i ng  C /E  ra t i os  f o r  t h i s  se t  o f  a l t e rna t i ves
in the manner used for A, B, C, and D, above, will not provide a basis for
choosing one alternative over another because, a l t hough  t he  C /E  ra t i os  w i l l
increase as the abatement level increases, the associated benefits may
a lso.

Provided that a thorough C/E analysis is performed and that benefi t-cost
analyses are made for each least-cost alternative, the choice among the D,
E, and F alternatives can be made on the basis of each‘s maximum
contr ibut ion to net social benefi ts (theoret ical ly, this occurs at the 
point where marginal social benefi ts equal marginal social costs):

NSB = TSB - TSC

where

NSB = Net Social Benefit
TSB = Total Social Benefit
TSC = Total Social Cost

(TSB and TSC are the values generated (in present value terms) in sections
B and C, respectively.)

Presuming that similar analyses have been made for Alternatives E and F as
well as D, the following hypothetical comparison could be made:

Present value ($mil l ion)
A l t e rna t i ve TSB TSC NSB

D 444.6 360.9 83.7
E 300.0 230.0 70.0
F 640.0 620.0 20.0

In  th is  i l lus t ra t ion,  A l ternat ive D cont r ibutes $83.7 mi l l ion to  NSB
whereas either E or F contr ibutes less. Even though Alternative F has
substantial ly more benefi ts than D, the net gain (above TSC) to society is
less . Because these alternatives and the implici t  data are discrete, one
could not know if  an intermediate point (alternative) between E and D or
between D and F would yield a higher NSB than Alternative D.

As might be readi ly envisioned, the def in i t ion and de l ineat ion o f
regu la tory  a l ternat ives for  cost -e f fec t iveness analys is  can be and
general ly are major tasks. Costs and abatement effects are not always
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readi ly  def ined,  par t icu lar ly  for  mul t ipo l lu tant  cont ro l  prob lems where
jo in t  costs  and in ter re la t ionsh ips among po l lu t ion generat ion ra tes ex is t .
Also, although aggregate industry results were depicted above, each
industry (and important industry segments) should be considered separately.

In summary, C/E analysis is an important and r igorous analyt ical technique
for pre-select ing regulatory alternatives and for reducing the number of
a l t e rna t i ves  wh i ch  w i l l  r equ i re  f u r t he r  ana l ys i s ,  e .g . ,  bene f i t - cos t
analys is . The subset  o f  cos t -e f fec t ive  a l te rnat ives  that  are  sa id  to  fo rm
the least -cost  enve lope curve wi l l  const i tu te  those a l ternat ives requ i r ing
such addi t iona l  ana lys is .
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